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ABSTRACT
THE OCCURRENCE OF THE ALKA.LI METALS IN
SOME MODERN SEDIMENTS
Charles William Welby
Submitted to the Department of Geology on May 9, 1952, in
partial fulfillment of the requirements for the degree of
Doctor of Philosophy in Geology
A total of 150 samples of modern marine sediments
from the Pacific Ocean, the Gulf of California, and the Gulf
of Mexico were analyzed spectrochemically for the alkali
metals. The standard deviation of the total energy method
used was ±15 percent. In addition to the spectrochemical
investigation, petrographic studies were made of some of
the materials using immersion oil techniques. Differential
thermal analyses were also made of fifteen samples.
The results of the investigation indicate that
in contrast to present thought there is no significant
enrichment of rubidium with respect to potassium in marine
sediments. An enrichment of cesium with respect to both
potassium and rubidium is present. The potassium-sodium
ratios suggest that the two elenents are present in about
the same proportions as in igneous rocks. The lithium
content of the materials studied indicates that lithium is
of the same abundance as in igneous rocks.
The thermal analyses suggest that rubidium is
enriched with respect to potassium in the illite-rich
sediments and that they are relatively low in cesium. That
a high lithium content is associated with montmorillonite-
rich sediments is also suggested.
There are apparently no systematic variations in
the alkali metal content of the sediments with dapth below
the present sedimentary interface nor with distance from
shore. Isopleth maps drawn for the eastern part of the Gulf
of Mexico show that in the modern marine sediments a similar
distribution exists for all the alkali metals and that the
alkali metal content of the sediments may be related to the
lithology of the sediments.
Abstract - 2
The results of the investigation suggest that a
major portion of the separation of the alkali metals
and the resultant enrichment of one with respect to
another may take place during weathering and that the
hydrated radii and ionic potential based on the hydrated
radii are not the only factors which control the behavior
of the alkali metals during the weathering and sedimentary
cycles.
Thesis Supervisor: Walter Lo Whitehead
Title: Associate Professor of Geology
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INTRODUCTION
Purpose of Investigation
As the title of this paper suggests, the purpose
of the investigation is to delve into the occurrence of the
alkali metals in some contemporary sediments, and to explain
the relationships on the basis of known physical and
chemical laws and upon the physical and chemical properties
of the elements themselves.
While our knowledge of the amounts of potassium
and sodium present in sediments of all ages is fairly
extensive, our knowledge of the lithium, rubidium, and
cesium content of sediments Is particularly meager, although
perhaps, somewhat less so for lithium than for rubidium and
cesium. To quote from Rankama and Sahama (1949), "The
number of analyses (of rubidium and cesium) is still
deplorably small." Consequently any analyses for these
elemnts should be a definite contribution not only from the
interest in the abundances of each, but also in arriving
at an understanding of weathering processes and the
processes which are taking place in the areas of deposition
(i.e. diagenetic processes) and presumably have taken place
in the past in the formation of the sediments.
Although the absolute abundances of rubidium,
cesium, and lithium are interesting in themselves, the
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complete understanding of their geochemistry necessitates
a study of the potassium and sodium in the same materials.
Thus the behavior of the whole alkali metal group was
investigated.
So far as the author is aware the only reported
analyses of rubidium and cesium in argillaceous sediments
are to be found in two papers. One is by Goldschmidt, Bauer
and Witte (1934) and the other by Canney (1952). The author
has not had the opportunity to consult the latter paper.
In both papers the analyses were made upon shales exposed at
the present time on land. To the best of his knowledge no
analyses of rubidium or cesium have been reported for
sediments forming at the present time on the bottoms of the
oceanic areas. Fence another purpose arises, to compare
the relationships of the alkali metals, the more rare ones
particularly, as they occur in modern sediments with those
in sediments which formed in the geologic past and have been
subsequently uplifted to become part of the landmasses of
the earth.
It was the author's good fortune to have made
available to him a suite of samples extending from inside
the lagunal environment of the present-day Gulf Coast to
the Sigsbee Deep. These were supplemented by samples from
the Gulf of California, from off the coast of Southern
California, and from the Pacific Ocean. Consequently, the
investigation embraces the occurrence of the alkali metals
in sediments of a wide variety of environments, and one
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other purpose thus becomes to compare the relationships,
particularly the abundance ratios, of the alkali metals in
sediments of differing environments of deposition. if some
of the absolute values are in error, the ratios are probably
accurate because the determination of each alkali metal is
probably affected in the same way and to about the same
extent as the others. Thus the abundance ratios are to be
stressed.
Materials Used in the Investigation
Samples were acquired from the cores taken during
the 1947 cruise of the Atlantis, sponsored jointly by the
Woods Hole Oceanographic Institution and the Geological
Society of America, and the 1951 cruise of the same ship to
the Gulf of Mexico, sponsored by the Woods Hole Institution.
During the 1947 cruise coring was undertaken west of the
Mississippi Delta (Stetson, H. C., 1949) and during the 1951
cruise the coring operations were confined to the eastern
part of the Gulf. The author sampled the cores at the top,
or as close to the top as possible, at approximately 75
centimeters from the top of the core, and at approximately
150 centimeters from the top. Because of probable compac-
tion of the sediments during the coring operation and
because of shrinkage upon drying of the sediments, these
depths in the cores are not completely accurate, but they are
believed to be accurate within a centimeter or so and
certainly within a few centimeters.
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Some of the Gulf of Mexico samples were obtained
from short cores (about 18 inches in length) taken primarily
for the study of the foraminiferal content of the upper
layers of the sediment on the bottom of the Gulf. Prior
to sampling by the author the upper two inches of the
material had been removed from these short cores for study
of the foraminiferal content; however, as far as could be
told from the material seen within the various coring tubes,
the material in each tube was more or less uniform.
Therefore it is believed that the materials from these cores
are representative of the material forming at the surface
at the present time. All of the coring operations of the two
cruises was outside the 10 fathom line.
Also procured from the Gulf Coast area were samples
from inside the 10 fathom line. Some of these came from the
east side of the Mississippi Delta; others from the area of
Atchafalaya Bay. Samples were obtained from San Antonio
Bay near Rockport, Texas, and also offshore in the same area.
Several samples were obtained from the Gulf of
California, some from offshore Southern California, mainly
from submarine canyons,l and from the Pacific Ocean,
primarily the Mid-Pacific, although one sample is from a
core taken in the North Pacific area.
The locations for all of the samples coming from
the Gulf of Mexico area have been entered onto the two maps
1 F. P. Shepard, letter dated January 9, 1952.
GULF OF MEXICO, WESTERN PART
STATIONS OCCUPIED DURING ATLANTIS CRUISE, 194T
SPONSORED BY WOODS HOLE OCEANOGRAPHIC INSTITUTION
AND GEOLOGICAL SOCIETY OF AMERICA
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on pages 5 and 6. The map on page 7 is used to indicate
the locations of the rest of the samples. The maps of the
Gulf of Mexico region show the locations of all of the cares
taken during the two cruises. Those used by the author
have been circled. The core locations for all the cores
from which samples were procured are given in the table of
locality descriptions in the first appendix.
In addition to the samples of modern sediments,
seven composite samples of formations ranging in age from
Cretaceous to Miocene were analyzed. They were prepared
by mixing together samples from cores and well cuttings
of the formations concerned from several localities and
depths.
-9-
SPECTROGRAPHIC TECTNIQUES EMPLOYED
The spectrographic method using a D.C. arc
provides a rapid, reasonably accurate method for accumu-
lating in a relatively short time a large amount of data
on abundance of elements in rocks and soils, particularly
where the abundances of the elements are so extremely small
that the element cannot be detected by ordinary wet chemical
methods. Since the theory underlying the use of spectro-
graphic techniques is dealt with adequately in the many
reference books on the subject (see Ahrens, L. Fe., 1950, for
bibliography), it is not necessary to consider it here, but
rather the emphasis of the discussion that is to follow is
to be placed upon the description of the actual methods
employed and the accuracy of these methods.
Equipment
The spectrograph used in the analytical work
involved in this investigation is a Hilger Model E478,
large quartz and glass prism, with a Littrow mounting.
The glass optics were used. The microphotometer used to
measure the density of the lines is a projection comparison
microphotometer manufactured by Jarrel-Ash Company.
Lines Used
The following table shows the elements together
with the lines used.
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Element Lines Used
Na 5688
K 6938
Rb 7947
Li 8126
Cs 8521
These lines were chosen for several reasons.
The first, and primry one is that they all occur close
enough together so that they may be recorded on a 4 x 5
inch photographic plate, provided the prism is set
appropriately and the plate is placed in the plate holder
in the proper position, thus exercising an economy in the
use of a moderately expensive commodity. Also the lines
are sufficiently sensitive so that they will record the
presence of the elements sought within the cormentrations
expected, and f ound, and on the other hand they are not
so sensitive that they will self-absorb at the concentrations
of the alkalies present in the sediments.
The s odium line was chosen as Na 5688 because a
significant portion of the samples gave rise to CaO bands
which make the use of Na 6154 somewhat more difficult.
Although Na 6154 supposedly gives better reproducibility
(F. C. Canney, oral communication), the presence of the
CaO bands, and the necessity, therefore, of excessively
large background corrections, seemed to preclude its use.
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Lithium 8126 was chosen in preference to Li 6103
because of interference between Ca 6102.7 and Li 6103, and
in preference to Li 6703 because this line self-absorbs
at the concentrations of lithium found in sediments.
Of the two most sensitive lines of rubidium,
Rb 7947 and Rb 7800, Rb 7947 was chosen because it does not
self-absorb at the c oncentrations expected whereas self-
absorption of Rb 7800 does take place at the rubidium
concentrations found in sediments.
Because of the low concentrations of cesium in
the sediments it is necessary to use the most sensitive
line available for this element. Thus Cs 8521 was chosen
as the line to be used. Care had to be exercised in the
use of this line for the possibility exists that interference
from Ti 8518 my occur; however, no trouble was encountered
if due care was exercised in marking the line on the plate
before measurement of the line with the microphotometer.
The cesium concentrations are low enough and the resolving
power of the spectrograph sufficiertly large so that no
interference took place.
Except for the cesium, all ele ments were detectable
using the lines which have been indicated. In the case of
the cesium, the detection limit for the procedures used
appeared to be of the order of 0.0003% Cs2 0, although no
check was nade to determine the limit exactly. F. C.
Canney (oral communication) advised the author that he had
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determined the Cs20 content of the standard granite as
0.00025%. The author found that in several arcings of the
standard granite in which extremely low backgrounds were
recorded on the plates, he was able to discern the cesium
line, although it was not intense enough to be measured
on the photometer. Fence the detection limit is considered
to be of the order stated above.
Plates
Eastman type I-N spectrographic plates were used
in the investigation. Type I-L plates probably would have
been adequate for the determination of all the elements,
using the same lines, except for cesium. If I-L plates had
been used, the arcing of an uncommonly large sample probably
would have been necessary to obtain a usable photographic
response for the cesium line. This procedure would have
made the other four lines overly intense and probably
unusable. While the I-N plates do not increase the
detection limit of the element, they do decrease the exposure
time and sample size required to produce an image which may
be recorded as a usable line on the plate. When all the
factors and requirements were balanced, it was decided that
for the purposes of this investigation I-N plates were
preferable.
The standard 4 x 10 inch plates were cut in half
so that the plate used had the dimensions of approximately
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4 x 5 inches. The right end of the plate holder was set
at approximately 10,000 1, and the right end of the plate
was set 11/16 of an inch in from the right end of the plate
holder. With these arrangements it was possible to record
both the cesium line and the Na 5688 line a sufficient
distance from the edges of the plate so that they would not
be affected by any strains set up in the emulsion by the
cutting of the glass, either by the author or by the
manufacturer.
Methods Used
A total energy method was utilized in this study.
Since the alkali metals all distill off in the early part
of the burn, it is possible to stop the arcing before the
sample has been completely consumed. Both the color of
the flame and the voltmeter may be utilized in determining
the cut-off point. Because the alkali metals have low
ionization potentials, they have the tendency to keep the
voltage in the arc low so long as they are present.
However, when they have all volatized, there is, generally,
a marked jump in the voltage across the gap, and it is
possible to use this phenomenon to define the cut-off point.
Also the colors of the alkali metals in the are disappear
at about the same time and are replaced by the blue of the
aluminum and the bluish-purple of the cyanogen.
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The ease with which the alkali end-point is
discerned is dependent in part upon the composition of the
sample and the manner with which it burns in the arc. In
the case of a very smooth-burning sample it is possible to
tell the cut-off point easily, but in the case of a sample
that has an irregular burn, one cannot always be positive
that the burn is over until the CN color appears and
persists for more than about three to five seconds. With a
sample that burns irregularly flashes of CN may be seen
intermittently during the arcing, and it is easy to mistake
one of these flashes for the disappearance of the alkalies.
It was found that it was better to wait for a persistent
cyanogen emission rather than to stop the current at the
first appearance of cyanogen, even though this procedure
meant a sharp increase in the amount of cyanogen emission
recorded on the plate and the necessity of introducing a
background correction with all of its attendant errors.
Originally it was thought that only a relatively
small error would accrue if the assumption were made that
the volume of sample loaded in each electrode was a measure
of the weight of sample loaded into the electrode and that
there would be only a slight variation in sample weight,
certainly within the standard deviation of the method, if
care were exercised in loading. However, in checking on
this assumption it was found that the weights of the unknowns
loaded into the electrodes varied as much as thirty percent
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from sample to sample. The weights of the same sample in
different electrodes did not vary to this extent; however,
the variation from electrode to electrode was sufficiently
large to warrant the determination of the weight of sample
placed in each electrode.
Because weighing a given object is faster than
weighing to a given weight and because of the chance for
loss in loading a small sample into a small electrode, it
was decided that the electrodes should be weighed both
empty and loaded. The sample weight in each electrode
calculated from these data was then converted to a standard
weight for calculation of the percents of the oxides present.
Arcing Procedures
Basically the conditions under which the materials
investigated were arced were the same. 7owever, because
of variations in the composition of the samples, it was found
necessary to use three types of electrodes. The samples
were run in batches of from 20 to 35, triplicate analyses
being made of each sample. Each series had a set of
standards to compensate for any variations from the
"standard condit ions".
The slit width used varied between 0.02 and 0.03 mm.
from one series of arcings to the next. For any one series,
though, the slit width was set before arcing was commenced,
and it was not changed until the arcing of one batch of
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electrodes had been completed. Thus within any one series
the conditions as far as they were affected by the slit
width remained constant. The slit height was set at 11 mm.
in keeping with the use of the step sector.
A step sector with a step height of 1.5 mm. and
an aperture ratio of two was employed to vary the time of
exposure for use in calibrating the plates. It was so
arranged in front of the slit that seven full steps were
effective. An eighth step, representing full exposure, was
also recorded, but the sector was adjusted so that the
height of this step was from 1/2 to 1/3 that of the other
seven. With this adjustment of the sector six arcings per
plate were recorded.
Cathode excitation was employed, and the arc was
struck by bringing the cathode down to the rim of the electrode
holding the sample and then moving it rapidly upward after
striking the arc. In using this procedure care must be
exercised not to open the shutter of the spectrograph until
the cathode is clear of the slit; otherwise there will be
recorded on the plate an image of the cathode and the
particular spectrum will be of no use for analytical
purposes. With practice it is possible to strike the arc
and open the shutter in less than one second so that no
significant error is introduced by failure to have the slit
open when the are is struck.
Three types of electrodes were used: 1/8 inch
pure carbon, 1/8 inch pure graphite, and 3/16 inch pure
graphite. For most of the samples it was found that the
1/8 inch pure carbon electrodes provided the best spectra
when all factors, particularly background, tire of arcing,
and determination of the end of the alkali metal distillation,
were considered. Since a moderately large number of
samples were to be analyzed, it was desired to decrease the
arcing time as much as possible without raising the detection
limit of the cesium. It is believed that with the employ-
ment of the 1/8 inch pure carbon electrodes the detection
limit was about the same as that of other methods employing
larger electrodes, and hence lrger samples.
Since some of the samples did not arc smoothly
with the pure carbon electrodes, It was necessary to devise
another method for arcing them. Most of the samples in this
category jumped out of the anode immediately after the arc
was struck. The use of graphite electrodes proved to be
the simplest answer to the problem. The temperature of the
arc was lowered sufficiently when graphite electrodes were
used so that the material burned moderately smoothly until
all of the alkalies had volatized.
One of the less desirable features of the use of
the graphite electrodes is the fact that it is difficult
to discern the exact point at which the alkalies have
completely volatized. In the case of the pure carbon
electrodes the end point of the alkali burn appeared very
sharply, not only in the color of the flame, but also on
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the voltmeter. However, when the graphite electrodes
(both the 1/8 inch and the 3/16 inch) were used, the cut-off
point for the alkalies was much more difficult to discern.
The needle of the voltmeter crept upward gradually, and there
was no sharp break, as a general rule, in the color of the
flame; rather there was a gradual lessening of the alkali
metal colors and an increase in the aluminum blue and the
cyanogen color. Thus, to insure that all of the alkalies
had distilled off, the author permitted the burn to pass the
end point of the alkali distillation, as is attested to
on the plates by the presence of intense cyanogen bands in
a large proportion of the arcings made with the graphite
electrodes.
The 3/16 inch graphite electrodes were used for
globigerina oozes. Most of these samples jumped out of the
pure carbon electrodes. The larger size of electrodes was
chosen because it was felt that the mterials to be analyzed
were probably so low in cesium that the extra time spent in
arcing would be rewarded by the intensification of the cesium
line to a point where it could be measured. It was believed
that a smaller sample would have provided just enough
cesium to cause only the faintest image of Cs 8521 on the'
photographic plate and that these would not be dense enough
to measure. Experimentation seemed to justify this
conclusion.
Three-sixteenth inch pure carbon electrodes were
used as cathodes in the arcing of the globigerina oozes.
This procedure was followed because the are has a tendency
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to wander up the cathode near the end of the burn when a
graphite cathode is used. A similar cathode-anode relation-
ship would have been desirable for the smller graphite
electrodes, but due to a shortage of pure carbon electrodes
in the laboratory at the time these electrodes were used,
it was necessary to use graphite cathodes. No great trouble
was experienced in the arcings using graphite electrodes for
both cathode and anode, except that several of the arcings
were made unusable by the wander of the are upward from the
tip of the cathode.
For the 1/8 inch electrodes, a current of 3 amps
was used. For the 3/16 inch electrodes a current of 6 amps
was used. Under these conditions the arcing times varied
from 30 seconds to 75 seconds, for the smaller electrodes
and from 45 seconds to 2 minutes for the samples arced in
the large graphite electrodes.
In the small electrodes the sample weights
varied from about 6 milligrams to approximately 11. Within
any one batch, the variation was of the order of 30 percent
as a maximum, and generally of the order of 20 percent.
The large electrodes held about 30 milligrams. Because it
was discovered that it was possible to load the 3/16 inch
electrodes with less than a 5 percent weight difference
from electrode to electrode, so long as the same material
was used, only one sample weight was determined for each of
the triplicate analyses, and the same weight correction was
applied to the intensities of the lines of all three.
However, because of the fact that this reproducibility in
weights could not be duplicated from sample to sample, it
was necessary to determine the sample weight in one of the
three electrcdes loaded for the analysis of each unknown.
Following the exposure of a plate it was placed in
a box to await developing. The plates from one series of
arcings were all developed in a batch, the time consumed for
actual development amounting to between one and two hours,
depending upon the number of plates in the batch. By
developing the plates in batches, maintenance of a rigid
temperature control over the developer was facilitated.
Developing Procedures
For developing of the photographic plates Eastman-
Kodak D-19 developer was used. This was prepared according
to the directions supplied by the manufacturer and then
diluted 1:1 with water. One big advantage of this method
is that it permits the warming of the developer to room
temperature without heating it over a burner or by allowing
it to stand for some time following its removal from the
storage refrigerator. There seems to be no disadvantage so
far as the developing of the plates is concerned. Approx-
imately 500 cc. of the diluted developer was placed in a pan,
and the equivalent of 4-1/2 plates was developed in this
quantity of developer.
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The plates were developed at a uniform temperature
of 180 C. for 4-1/2 minutes. It was found that the
temperature remained essentially constant for the time the
plates were in the developer solution. When the temperature
of the developer did change slightly, it was brought back to
180 by the addition of a few cc. of either colder or warmer
developer solution as the particular case demanded. After
developing, the plates were dipped once in water and placed
into the acid fixer where they were allowed to remain a
minimum of twenty minutes. Following removal from the fix,
the plates were placed in a pan, emulsion side up, through
which ran a moderate stream of water. They remained in the
wash for a period of approximately forty minutes.
After being removed from the wash the plates were
wiped with a sponge until all but the faintest vestiges of
water were removed, and then they were placed in a rack to
dry.
Microphotometer Measurements
The microphotometric measurements were made with
the slit of the instrument set at a width of 10 microns and
at a length of one millimeter. As measurement of the lines
progressed, the do setting was checked; if this reading
had drifted appreciably, the plate was remeasured. Due to
a slight drift in the galvanometer scale, and small changes
in the "clear glass" of the plate it is impossible to
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maintain a perfect 100 setting over the whole of the plate,
but the error so introduced is negligible as long as the
readings are taken below about 75. Close control was
exercised over the zero setting of the galvanometer scale
to insure accuracy of the low readings. In order to
minimize errors in the photometric measurements as a whole,
the deflections were taken as close to 50 as possible, the
galvanometer scale reading from 0 to 100.
For the unknowns only one step was measured. The
background and line were measured on the same step whenever
the two intensities permitted. The background and line
intensity of Rb 7947 were never measured in the same step.
Two or more steps of the lines of the standards were
measured but only one for the background. The purpose of
this different procedure in the measurement of the standard
lines and the lines in the unknowns was the determination
of the slope of the partial characteristic curve to be used
for the series of plates. Since the average slope of the
partial characteristic curves for the standards was used for
all the unknowns, it was necessary to measure only one step
of the lines of the unknowns.
Background corrections were made by measuring the
background on either side of the line and then mentally
averaging the two deflections. Because of the inevitable
presence of cyanogen bands, it was necessary to correct all
the rubidium, lithium, and cesium line intensities for
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background. Generally, background corrections were necessary
for the sodium and potassium lines also.
Standards
The standard granite and diabase (Fairbairn, et al,
1951) were utilized as the basic standards for the sodium,
potassium and rubidium. The values used are given in the
table below (L. H. Ahrens, oral communication).
Alkali Metal Content of Standard Granite and Diabase
Oxide Granite Diabase
Na0 3.3 % 2.2 %
K20 5.4 0.65
Rb 2 0 0.063 0.007
L 20 0.0045 0.0021
Mixes of the granite and diabase were prepared to serve as
standards. Lithium and cesium standards were prepared by
adding to a 1:1 mix of the granite and diabase 0.228% Li
and 0.776% Cs in the form of chemically pure Li430 4 and
CsCl respectively. This basic mixture was diluted with
more 1:1 mixture of granite and diabase until a set of
standards was developed which ranged in lithium content
from 0.0269 to 0.00388% Li20 and in cesium content from
0.0413 to 0.00095% Cs2 0. The cesium content of the 1:1 mix
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was determined as 0.0001 through the use of a standard
addition plot (Abrens, L. H., 1950).
An additional sodium standard was prepared by
mixing one part of the standard diabase with four parts of
a plastic clay (U. S. Bureau of Standards No. 98) to obtain
a mixture containing 0.76% Na20. A 1:1 mixture of the
diabase and a potash feldspar (U. S. Bureau of Standards
No. 70) which provided a standard with a content of
6.62% K2 0 was prepared. Those standards which required
mixing were ground in an agate mortar for five to ten minutes;
all standards were used unsintered.
As a check on the systemtic error introduced
because of the compositional difference between the standards
and the unknowns, two samples were submitted to Miss
Geraldine Sullivan for the f lame-photometric determination
of the potassium content. One (WG 542-B) was a typical
marine clay and the other (EG 107-A) was a globigerina ooze.
One shale sample (API No. 46715) from the Miocene Nodular
shale of California was also used as a check. Miss
Sullivan had determined the potassium cortent with the
flame-photometer and F. C. Canney (written communication)
using the potassium content as an internal standard had
determined the cesium and rubidium content spectrographically.
Because it was thought that the compositional
difference between the standard granite and diabase and the
globigerina oozes would be too great to permit the use of the
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granite and diabase as standards, it was decided that WG 542-B
should be used as a standard after correcting for the
systematic error and that the working curves for the oozes
would be plotted as a single point working curve (Ahrens, L.F.,
1950). It was also thought that the alkali metal composition
of this sample would be known to within the limits of the
standard deviation, since it was planned to make at least
triplicate analyses of it with each series of arcings. In
addition the flame-photometric determination of the potassium
content of the globigerina ooze, EG 107-A, was to serve as a
secondary standard to indicate any effect caused by the
compositional differences of the sample high in clay and the
more calcareous oozes. Fowever because of the discrepancy
that appeared between the systematic errors of the Gulf of
Mexico sample and the sample from the Miocene Nodular shale,
it became necessary to use the standard granite and
diabase as standards for the globigerina oozes (see the
later discussion, pages 55-56 ). In plotting the working
curves, however, the original plan was followed, and single
point working curves were constructed using the average
of 48 determinations of the oxides of the alkali metals
in WG 542-B without any correction for systematic error.
Then the points from the standard granite and diabase were
plotted and were found to fall on or close to the curve as
determined by the single point method. This relationship
of the granite and diabase points to the single point working
curves indicates that bias introduced into the determinations
of the elements in the globigerina oozes is the same as
that introduced into the determinations of the other
samples.
It was impossible to determine whether any
significant error exists between the globigerina oozes and
WG 542-B. Further discussion of this problem will be made
in the section on accuracy and precision.
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PREPARATION OF SAMPLES
Sampling
The Gulf of Mexico samples obtained through the
kindness of Mr. Stetson were taken from the cores by the
author. Because most of the material had dried and become
extremely hard and tenacious, it was necessary to cut the
samples along the planes of stratification, and depending
upon the lithology, a large or small sample was obtained.
No control could be exercised over the sampling; consequently
the samples represent spot samples taken at the depths
in the cores given in the table of locations in
Appendix I.
In preparing the samples for the spectrographic
work no attempt, as a general rule, was made to cone and
quarter the sample obtained from the core; rather a
"representative" sample of the larger sample was taken by
scraping off sufficient material in a direction normal to
the stratification and along the full length of the specimen
from the core. Where the specimen from the core was dis-
aggregated or broken up a representative sample was
obtained by coning and quartering. Since some of the
surface samples were still wet and therefore extremely
plastic and sticky, it was necessary to scrape the material
from the core tube with a spatula, and also to remove it in
the same manner from the sample bottle in which it had been
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placed at the time the samples were obtained from the
cores.
The samples received through the generosity of
Professor Shepard arrived in small glass vials. Part of
each sample was poured from the vial and prepared for
analysis. In some cases approximately one-half of the
sample was prepared for spectrographic analysis, in
others somewhat less.
The VLB samples being moist were taken from the
core tubes with a spatula, and no particular care was
exercised to obtain a "representative" sample. The
material was just scraped from the core.
Because of the nature of the original sampling,
that is from cores, it is felt that the methods used in
sampling the materials available for this investigation
did not introduce any appreciable error. There is some
suggestion of the introduction of discrepancies due to
variations in the samples, but this matter will be
discussed in the consideration of the systematic error
introduced by the use of the granite and diabase as
standards.
Sintering
The samples which were still moist when removed
from the core tube were first dried at a temperature of
1100 C. before grinding. All other samples were ground
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first and then dried at a temperature of 1100 C. in
porcelain crucibles. The weight of each dried sanple was
determined. The samples were then heated in an electric
furnace for an hour at a temperature of 4500 C. The
weight loss on ignition was recorded so that the percentage
of the various oxides could be converted back to a 1100 C.
basis. This ignition loss is shown in the tables listing
the results of the analyses (Appendix II).
Some question arose as to whether or not there
would be any loss of the elements in the heating process.
F. C. Canney (oral communication) in working on similar
materials followed the same sintering process. Fe found
that within the limits of experimental error no loss of
the cesium or rubidium occurred due to the heating. In
his case the experimental error was somewhat smaller than
that which the present author has encountered. As for
lithium, a check of the Fandbook of Cheistr and P
(1945 ed.) shows that there are no lithium compounds which
boil below this temperature. Furthermore, it seems
unlikely that any of the potassium and sodium compounds
which are apt to be present in the materials investigated
will boil at this temperature. Also Canney found no loss
of potassium on heating. Thus it seems safe to assume
that the sintering process did not cause the loss of any
of the elements.
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Because some of the particles became aggregated
in the sintering process, particularly in those samples
which apparently contain large amounts of clay mineral, it
was considered necessary to regrind all of the samples in an
agate mortar. The process was actually more of a dis-
aggregation than a grinding.
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COMPTATIONS
Background corrections were necessary in nearly
all instances. Such corrections must be made for each line
because the background is not reproduced from arcing to
arcing, even of the same sample.
Following F. C. Canney (1952) the author made
corrections for invisible background. The theory behind
this correction is that although the intensity of the back-
ground is below the threshold intensity of the plate in
one of the less intense steps, it has an effect upon the
intensity of the line. The line intensity in an apparently
background-free step is increased in proportion to the
background-line intensity ratio of the steps where the
background is visible. The background determination was
made by measuring the background in the first or second
step, whichever appeared the more feasible, even though
photometric measurements of the line were made on a less
intense step. The intensity of the background was then
determined at the standard d value.
d
As a matter of record it should be pointed out
that the first step was taken as the one representing the
longest exposure time. The use of this convention
permitted the direct determination of the intensities from
the scale of the log-log paper on which the partial
characteristic curves were plotted, thus eliminating the
necess.ity for the use of a reverse scale.
The Seidel function (Nachtraib, N. H., 1950) was
used in drawing the partial characteristic curves, not
because the accuracy with which the characteristic curve
may be drawn is increased, but because use of this function
makes possible the utilization of larger deflections for
background correction; that is, the lower intensity values
of background fell on the straight line portion of the curve.
If the use of the Seidel function had not been adopted,
and the more common method of relating the intensity of the
line to the photometer reading by plotting - vs.
d
intensity (Ahrens, L. ., 1950) had been chosen, some of
the low values undoubtedly would have fallen on the curved
portion of the curve with a resultant loss in accuracy.
Furthermore the use of the mcre conventional method of
plotting partial characteristic curves would have necessitated
the measurement of more than one step for each line and for
the background, entailing the consumption of much more time
with no increase in accuracy. Canney (oral communication;
1952) reports that the use of the Seidel function increased
the precision of background determination for two of the
elements with which he worked.
Two or three steps of the individual lines of the
standards were measured and the microphotometer readings
converted to 0 - 1. These values were plotted on
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log-log paper with the step numbers as aboissas (Ahrens, L.F.,
1950). The partial characteristic curves were drawn, and
the average value of the slope fcr all of the curves
determined. In all cases this value was within one-half
a degree of 720. Hcwever, the value was checked for each
series. The background corrections for the standards were
made after the average slope had been determined, thus
requiring only one background neasurement on the micro-
photometer. Checks nude by measuring the background in
several steps and constructing the partial characteristic
curves for the background from these determinations showed
that the background curves paralleled the partial curves
drawn for the lines. A detailed discussion of background
correction is given in Ahrens (1950).
After the standard curves had been plotted and
the average slope determined, the intensity values of the
unknowns were determined. As stated before, only one step
was measured. Using the average slope as determined from
the standards, partial characteristic curves were drawn for
each line to be determined in each arcing. The intensities
were read off at a d -1 value of 10, insuring that the
d
readings would be on the straight line portion of the curves.
The intensity of the background was subtracted
from the intensity of the line to obtain the background-
free intensity of the line.
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Befare the working curve could be plotted in the
case of the standards, or the percent of the element in
the unknown could be determined from the working curve, the
background-corrected intersity had to be corrected for
differences in weight of sample. A standard weight was
determined by averaging the weights of all the samples which
were arced in a particular series, and the nearest whole
number to the average was chosen as the standard weight for
the series. This standard weight for the 1/8 inch electrodes
varied from series to series of arcings between 7 and 10
milligrams, depending in part upon the samples and in part
upon the depth of the cavity in the electrode. While the
depth of the electrode cavity was supposedly 1/4 of an
inch the bits used in cutting them were sharpened and
changed slightly between some of the series of arcings, and
thus the cavities were not always precisely 1/4 of an inch
in depth. However, any difference was insignificant.
The plots on pages 35 and 36 illustrate typical
working curves for all five elements, showing the spread
of the points of the intensity of the lines in the standard.
All of the working curves approached 45 degrees, indicating
that the slopes of the characteristic curves were reason-
ably accurate. If the background corrections had been
excessive, the working curves would have been flatter, and
if the background had been under-corrected, the curves would
have had a tendency to be steeper.
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The values of the oxides present in the unknowns
taken from the working curves represent the percentages
present in the ignited samples. Hence these values had to
be corrected for ignition loss. The values reported in
Appendix II have been corrected for ignition loss and
represent the percentages present in the samples on a
water-free (1100 C.) basis.
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ACCURACY AND PRECISION OF THE METHOD
Some consideration must be given to the accuracy
of the method as well as to its precision. The precision
of a method is the measure of its ability to reproduce a
given value and is also known as reproducibility. This
measure is generally expressed as the average deviation
or the standard deviation; that is, it is usually expressed
as a deviation from the mean of many replicate analyses.
Accuracy on the other hand is the measure of the nearness
to the correct value. A method may be both accurate and
precise, but a precise method is not necessarily accurate.
Standard Deviation
In determining the reproducibility of a method a
number of determinations are averaged and the deviation
from this mean is used as an indication of the precision
of the method. While statisticians believe that a large
number of determinations (30-40) is necessary to represent
correctly the reproducibility, for spectrographic techniques
ten analyses seem to be adequate in most instances although
more are to be desired. A greater number of analyses
provides a better picture of the precision of the method.
While the average deviation in the past has been
the more common measure of the reproducibility, the standard
deviation has largely replaced it. For its calculation
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the square root of the sum of the squares of the deviations
divided by one less than the number of determinations is
determined. The meaning of the standard deviation is that
67 percent of all determinations should fall within plus
or minus the numerical value of the standard deviation and
that 95 percent of all determinations will occur within
two standard deviations of the mean.
The standard deviation for each method of arcing
was determined. The tables on pages 40, 41, and 42 present
the data and show the mean value and the standard deviation
for the use of each electrode type. Two samples were used
in determining the standard deviation, WG 542-B for the
small electrodes and EG 137-A for the 3/16 inch graphite
electrodes. As may be seen from the tables the standard
deviations for each method were approximately the same.
Because of the large number of determinations nade on
WG 542-B it is believed that the standard deviation is
accurately represented. Although the deviations are
computed for only two samples, it is thought that they
truly represent the preciseness of the method.
Accuracy
Because the accuracy of a method differs from
its precision, a means of checking on the accuracy of the
determinations is necessary. It was thought that the
difference in the composition of the standards and the
I
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STANDARD DEVIATION
One-eighth Inch Pure Carbon Electrodes
Based on WG 542-B
Percent of Ignited Sample
K20
3.80
4.20
4.50
3.45
4.30
3.50
3.40
3.48
3.72
4.60
5.10
Rb 2 0
0.044
0.041
0.029
0.046
0.037
0.041
0.035
0.033
0.034
00038
0.051
0.046
(4500 C.)
Li20
0.018
0.017
0.015
0.016
0.014
0.015
0.014
0.014
0.017
0.017
0.016
0.017
Average:
3.79 4001
Standard Deviation:
TO.32 10.57
0.040
1 0.0064
0.016
10.0014
0.0018
10.00029
% Standard Deviation:
116 18.7
Na2 0
3*95
4.10
3*10
4.00
3.50
3.60
4.00
3.30
3.95
3.80
4.20
4.00
CS20
0 .0020
0 .0022
0.0022
0 .0015
000018
0.0018
0.0018
0.0012
0.0015
0.0017
0.0020
0.0018
t 8.5 t14 -116
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STANDAID DEVIATION
One-eighth Inch Graphite Electrodes
Based on WG 542-B
Percent of Ignited Sample (4500 C.)
K2 0
3.75
3.50
3.95
2.55
3.45
3.50
2*65
3.05
3.55
2.60
3.60
3.90
3.05
3.20
4.00
3.60
3*00
Rb 2 0
0.043
0.042
0.044
0.027
0.033
0.034
o.032
0.s032
0.040
0.030
0.035
0.042
0.035
0o032
0.045
0.043
0*036
L120
0.020
0.021
0.022.
0.017
0.016
o0.017
0.015
0.021
0.*013
0.018
0.019
0.019
0.019
0.022
0.022
Average:
3.64 3.35
Standard Deviation:
10.37 10.47
% Standard Deviation:
+10 t14
0 *037
0.0056
0.019
t0.0027
0.0013
10.00022
115 t114
Cs20Na2 0
4.00
4*05
4*10
2.80
3.40
3.40
2.95
3.00
4.30
3.70
4.00
3.40
4.00
3.60
4.00
3.70
3.45
0.0015
0.0013
0.0015
0.0011
0.0011
0.0010
0.0010
0.0013
0.0010
0.0015
0.0016
0.0012
0.0015
0.0012
t 17
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STANDARD DEVIATION
Three-sixteenth Inch Graphite Electrodes
Based on EG 137-A
Percent of Ignited Sample
K2 0
3.61
3.72
2.85
2.89
2.82
2.55
2*60
2.49
2.80
2.40
2.87
Rb 2 0
O.042
0.043
0.036
0.042
0.040
0*034
0.034
0.034
0.034
0.028
0 * 037
(4500 C.)
Li 2O
0.024
0.022
0.018
0.017
0.018
0.017
0.017
0.018
0.019
0.017
0.019
Standard Devl&ation:
t 0.45 + 0.0049 I0.0024
% Standard Deviation:
t15.7 13 5 132
Cs2 0Na 2 0
5.4
4.7
3.7
4'.5
4.5
4.2
4.0
3.8
4.3
3.4
4.3
0.0013
0.0015
0.0010
0.0011
0.0012
0.0009
0.0009
0.0009
0.0009
0.0009
t 0.58
0.0010
t0.0022
+-22+-13.5
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unknowns should introduce a systematic error. In an
effort to determine the extent and direction of the error,
it was decided that the potassium content of one of the
samples should be determined independently of the spectro-
graphic method. This was done, as is described in the
section on the standards. Also, to check the assumption
that was then necessarily made, that the other alkali metals
follow the potassium in their behavior, it was thought
necessary to analyze a sample in which some of the other
elements had been determined. The API sample (No. 46715)
fulfilled this requirement.
A total of 48 analyses of WG 542-B were made,
varying from 12 in one series to 3 in another. The values
obtained from each batch of electrodes have been averaged
and the standard deviation determined for the averages.
The pertinent averages are presented in the table on page 44.
As will be seen there was some variation from series to
series, but in most instances, the variation is within the
standard deviation of the method.
In an attempt to check the validity of the
assumption that the systematic error caused by compositional
differences between the standard and the unknowns is the
same for all elements, the intensities of K 6938 have been
plotted as abcissas in a series of scatter diagrams with the
line intensities of the four other elements as ordinates.
The points for the different series of arcings are denoted
by the different colored circles. The table of intensities
I
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STANDARD DEVIATION OF AVEPAGE VALUES
OF WG 542-B
Percent of Ignited
Series Naa0
3.79
3.56
3.50
3.54
3.68
3.58
3.85
K20
3.77
2.75
3.33
3.10
3.56
3.45
3.36
Sample (4500 C.)
Rb20
0.041
0.046
0.042
0.035
0.041
0.038
0.037
Li a
0.016
0.013
0.012
0.013
0.013
0.018
0.019
Average:
3.64 3.33 0.040 0.015
Standard Deviat ion:
t 0.13
Standard Deviation:
13.7 19.9 110 213 123
C
E
H
K
M
N
Cs2 0
0.0017
0.00084
0.0015
0.0015
0.00084
0.0013
0.0014
0.0013
t 0.33 t 0.004 T 0.002 10.0003
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is given on page 47, and the scatter diagrams immediately
follow it. The intensities have been corrected only for
background.
It will be seen from the scatter diagrams that
there is agreement to within the limits of experimental
error of the method. The lateral shift of the working
curves due to compositional differences is nearly the
same for all elements.
The standard deviation of the average values from
six batches of electrodes for the API sample is shown
together with the pertinent data in the table on page 46.
The purpose underlying the large number of
detenminations made upon WG 542-B was that of determining
the systematic error introduced by the difference in com-
position between the standards and the unknowns. As a
fuwther check upon this systematic error the API sample
(No. 46715) was used. However, difficulties arose which
make the determination of the error extremely difficult.
The potassium determination of WG 542-B made
by Miss Sullivan showed that the sample given her contained
1.85 percent potassium. When this value is converted to
percent oxide and corrected for ignition loss, the K2 0
content of the sample on an ignited basis is 2.35 percent.
It will be seen from the values in the table of the standard
deviation of the averages that this value is approximately
two-thirds of the average value obtained by spectroscopic
means. This value of the systematic error is approximately
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STIANDARD DEVIATION OF AVERAGE VALUES
OF SAMPLE iNO. API 46715
Percent of Ignited
Series Na2 0
1.30
1.22
1.56
1.29
1.40
1.46
1.27
Kr20
4.62
3.90
3.77
3.38
4.08
3.28
3.84
Sample (4500 C.)
Rb 2 o
0.055
0.065
0.065
0.05 3
0.056
0.040
0.056
Li20
0.014
0.012
0.012
0.011
0.013
0.0093
0.012
Standard Deviation:
t 0.44 1 0.0085 *0.0014 +0.00037
% Standard Deviat ion:
t 13
Values as determined
by F. C. Canney
corrected to 450 0 C.
for ignition loss:
11.7 115 t24
4.07 0.0605
0.0021
0.0015
0.0015
0.0018
0.0010
0.0014
0.0015
t 0.17
O.00202
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COMPILATION OF LINE INTENSITIES
FOR SAMPLE WG 542-B
Corrected for Background Only
Series I Na5688
28.5
29.8
21.0
28.3
23.5
23.7
27.5
26.5
28.0
30.5
32.7
35.8
22.6
40.0
43.2
49.6
43.)7
I K6938 I Rb7 947
10.0
10.3
6.0
11.2
8.2
9.8
8.5
8.4
8.2
9.5
11.0
12.4
13.6
13*9
12.2
10.6
1202
11.3
52.7
48.3
32.4
53.8
42.1
4406
40.0
39.0
37.7
46.8
61.8
54.2
72.1
85.0
72.2
72.0
76.3
72.1
I Li8 126
4.8
4.6
4.0
4.6
3.6
3.8
4.0
3.6
403
4.6
4.8
4.5
9.0
9.7
8.5
7.1
7.2
6.2
I Cs8521
3.0
03
2.4
3.3
2.5
2.5
2.9
2.5
1.5
2.2
2.5q
2.9
3.7
4.0
3.7
3.9
4.2
2.8
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COMPILATION OF LINE INTENSITIES
FOR SAMPLE WG 542-B
(conti"nued)
series I Na5 6 88 1 K6 938 I Rb 7 9 4 7 I Li8126 I Cs8521
H 108 42.3 205 - 19
135 44.9 201 17 17
103 34.0 142 17 8
87 33.0 137 13 11
J - 39.1 120 19.1 14
- 35.2 95.9 - 9.1
- 31.5 165 - 10
86 27.4 117 14.5 7.3
97 34.1 131 14.2 11
79 26.7 122 14.1 10
K 81 30.9 146 11.0 7.5
82 31.2 131 11.1 6.2
67 23.7 106 11.4 7.1
L 292 79.6 355 41.2 21
279 95.0 305 36.1 28
314 110 431 38.3 30
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COMPILATION OF LINE INTENSITIES
FOR SAMPLE WG 542-B
(continued)
Series I Na568
104
110
104
61
84
79
64
65
127
96.6
105
88.1
103
97.0
104
103
88.2
I K6 9 3 8 I Rb 7 9 4 7
22.1
21.6
22.1
15.5
22.0
22.5
15.7
18.1
22.6
16.0
22.8
2304
18.1
20.7
23.2
23.9
1808
123
120
117
82.6
100
9802
9001
92.7
120
89.7
110
126
101
98.1
127
133
108
I L18126 I CSp 5 o1
16.2
17.0
16.5
11.8
14.3
13.6
13.5
12.3
18.4
11.5
14.5
15.7
15.5
16.4
17.5
20.5
27.5
5.6
5.1
5.3
3.7
4.4
4.5
4.0
3.9
5.5
4.4
5.9
6.5
5.0
5.9
4.9
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LINE INTENSITIES WG542-B
300
250
200
150
100
50
K5938
60 800 20 40
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350
LINE INTENSITIES WG 542-B
300
250
200
150
1OO
50
K6939
40
LINE INTENSITIES WG542-B
I K6938
40 60
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30
20
15
10
I..
20
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LINE INTENSITIES WG542-B
30
25
IK 6938
20 40 60
r
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that which it was contemplated might occur because of the
compositional difference between the standards and the
unknowns.
On the other hand, when the values obtained
spectrographically for the potassium content of the API
sample are compared with the value obtained for the same
sample by use of the flame photometer, it is seen that the
difference is of the order of 10 percent in the opposite
direction from that of the difference for WG 542-B. Since
the values of the rubidium and cesium content of this
sample are based upon the photometrically determined
potassium content (F. C. Canney, written communication),
they cannot be used in direct comparison of the systematic
error; however, it may be seen that the values differ from
the spectrographically determined values by approximately
the same amount and in the same direction as the potassium
values. This similar behavior is to be expected because of
the similar behavior of rubidium and cesium in the D.C. arc.
Miss Sullivan determined the content of several
of the composite samples flame photometrically. The author
arced these samples to determine the abundance of the other
alkali metals in them. The percents of the K20 obtained,
uncorrected for ignition loss (4500 C. basis), for the
author's determinations and the determinations of Miss
Sullivan are listed in the following table.
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Sample Flame Photometer Spectrographic
Determination Determination
Miocene Nodular 1.56 1.13
1.25
Lower Eutaw 2.33 1.75
Austin Chalk 0.73 2.50
Eagle Ford 1.85 0.26
It will be seen that the spectrographically
determined values for each sample are lower than those
for the flame photometer determinations, with the
exception of the Austin Chalk. As indicated in the
discussion of the standards, Miss Sullivan determined the
potassium content of one of the globigerina oozes. Her
determination corrected to an ignited basis by application
of the ignition loss shows that the sample contains 1.01
percent K2 0. This same sample was analyzed in two series,
both with the globigerina oozes and with the small graphite
electrodes. The values obtained for the K 20 content in
each case are 2.70 (an average of six determinations) and
2.97 (an average of three determinations) respectively.
When it was found that there was this wide dis-
crepancy between the flame photometer results and the
spectrographic results for the composite samples and EG 107-A,
a check run was made using the two Gulf of Mexico samples,
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the Lower Eutaw composite sample and a shale sample
(API No. 46485) in which the potassium content had been
determined as 0.89% K2 0 by use of the flame photometer.
The author had determined the K2 0 content of this sample
using the spectrograph as 2.25% K20. Theoretically there
should be a difference in intensities of K 6938 for the
shale sample and WG 542-B of approximately two, if
conclusions based upon the percentages of K20 as determined
through the use of the flame photometer are correct. Using
the step sector this should be represented by a one step
difference in the least instense step. However, it was
found that the two samples each gave a potassium line which
disappeared into the background at the same step, thus
indicating that for the samples and the spectrographic
techniques used the original determinations were essentially
correct; that is, there were no mistakes made in the
determination of the K20 content of the shale. The two
samples were arced in triplicate and recorded on the same
plate, thus negating any possibility that differences in
developing technique would affect the results. Similarly
the intensities of the potassium line of the Lower Eutaw
and EG 107-A should differ by at least one step. However,
in this case also the intensities did not agree with the
theoretical considerations, the line intensities being almost
the same.
r
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Before the potassium determination by flame
photometer methods was received, some of the samples from
Scripps had been analyzed, together with the samples from
the Atchafalaya Bay area. Thus it became imperative that
some check be made upon the systematic error in this
series of plates. To determine this error, two of the
samples analyzed in this batch of electrodes were analyzed
several more times in other series. The average values for
FPS 314 and VLB 43c-5a are compiled in the table on page
58; the percentages are those of the ignited sample.
Series B is the series in which the samples from Scripps
were initially analyzed.
When it became obvious that this problem of the
systematic error could not be resolved with the data at
hand, flame photometer determinations were made upon
several other samples. The table on page lists these
samples, together with the potassium content determined with
the flame photometer and with the spectrograph respectively.
The percentages of K20 as listed are on an unignited basis
at 1100 C. The shale sample (API 46485) is also listed.
Comparison of the percent K20 given in the table
and that given earlier (0.95% at 1100 C.) for EG 107-A
shows that there is a discrepancy between the two values
determined by flame photometric procedures. The second
value was obtained from a different portion of the original
core sample from that used in the determinatIon of the first
rNa20
Series C
VLB 43c-Sa
Series E
VLB 43c-5a
FPS 314
Series H
VLB 43c-5a
FPS 314
Series J
FPS 314
2.00
2.48
4025
2.22
3.50
3.70
K20
1*95
2.48
3.25
2.53
3.19
2.78
Rb 2 0
0.030
0.049
0.045
0.035
0.037
0.035
Series B
VLB 43c-5a 2.53 2.13 0.036
0.045
0.017 Line not
usable
0.019 0.0009
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Average Values for FPS 314 and VLB 43c-5a
Per cent of ed Sample
L20
0.022
0.017
0.011
0.017
0.013
0.012
Cs20
0.00075
0.00079
0.00050
0.00058
0.00034
0.00056
4.*22 4.*03FPS 314
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value. The purpose of this procedure was to determine
whether or not a sampling error was present. The samples
used for the original flame photometer determination and
the spectrographic determinations were taken from the bottle
containing the sample from the core at different times. There
is some suggestion of the introduction of a sampling error;
however, it does not appear that this error would be of the
proper magnitude to explain the difference between the
spectrographic determinations and the flame photometric
determinations of the potassium content of EG 107-A.
Another aspect of the sampling question is the
fact that the determinations of the potassium content of
FPS 314, GC 42, EG 128-A, EG 137-A, EG 15-C, WG 422-A, and
MP 128 were all made upon the same fraction of the core
sample as the spectrographic analyses. It seems hardly
likely that any sampling error of the magnitude necessary
to explain the differences between the potassium percentages
as determined with the flame photometer and as determined
with the spectrograph would have been introduced in these
particular samples.
To check tbe flame photometric procedures, the
remainder of the granite sample which the author used as
a standard was analyzed with the flame photometer. As noted
under the section on the standards, the K2 0 content of this
material is 5.4 percent. However, the flame photometer
determination gave a result of 3.75 percent. This sample
1
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was not run in duplicate, but it is felt that the figure
given is correct for the particular determination; that is,
it is believed that a determination in duplicate would have
given essentially the same value. Since the potassium
content of the standard granite Is known accurately
(Fairbairn, et al, 1951), it seems that the flame photo-
metric determination is in error; probably some potassium
was lost in the solution process which is part of the
procedure.
At the same time as the standard granite was
analyzed on the flame photometer, a repeat analysis of the
API sample No. 46715 was made. Since the original determina-
tion on this sample had been made over a year before, it
was thought that some of the discrepancies arising might
be explained by a change in the instrumentation of the flame
photometer, or in the process of placing the material into
solution. However, the value of tle potassium content of
the shale came out as 3.70 percent K2 0 which is in agreement
with the value of 3.64 percent determined by Miss Sullivan
originally.
Since potassium had been determined by both flame
photometric and spectrographic methods in a large number of
samples, it was decided to plot the potassium content
determined flame photometrically vs. the difference between
the flame photometric and the spectrographic determinations
in order to ascertain whether some regularity existed.
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Several plots were prepared, using ordinary coordinates,
log-log coordinates, and semi-log coordinates. The plot
upon semi-log paper seemed to show the presence of a
relationship. The table on page 64 lists the values of
K 20 determined with the flame photometer and with the
spectrograph and the percent difference computed as a
function of the flame photometer determination for all of
the samples plotted. The figure following is the plot made
using these data. In plotting the points the direction of
the difference has been ignored; the positive direction has
been assumed to be that in which the spectrograph determina-
tions are greater than the flame photometric determinations.
It will be seen from the plot that except for 4 samples all
values lie more or less along a straight line. A similar
plot basing the percent difference on the spectrographic
analyses shows a similar curve, although displaced from that
of the one shown.
The exact meaning of this relationship between
the potassium content and the percent difference is not
known. It is suggested that there is present a compositional
difference effect either in the spectrographic work or in
the flame photometer analyses, or both. The compositional
effect in the flame photometer is suggested by the results
of the analysis of the granite.
While the flame photometer determinations were
originally made to aid in the definition of the systematic
error introduced because of the compositional difference
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between the standards and the unknowns, they seem to
indicate that the error, if present, cannot be corrected
for by a pure lateral shift of the working curves; hence
the values as determined spectrographically are reported
as found without any corrections.
Another possibility that exists is that the slope
of the line drawn through the points is a function of the
shift of the working curve from one series of electrodes
(and samples) to another; that is, the amount of the lateral
shift of the working curves due to compositional differences
may not have been the same from series to series. A
suggestion of such a phenomenon is to be seen in the intensity
scatter diagrams for WG 542-B (pages 50-52) where all the
points far one series fall on one side of the lines drawn
through all the points. This explanation will not suffice,
on the other hand, to explain the fact that within the
same series the spectrographically determined values of
K2 0 for WG 542-B were higher than the flame photometer
determinations and the spectrographically determined
values for the API samples were lower than those obtained
with the flane photometer.
In this problem of correlation of the flame
photometer values with the spectrographic values, another
consideration enters. This is the effect of the compositional
difference from sample to sample. It will be noted that
for almost all of the modern sediments the difference is
positive while the difference for all but two of the ancient
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sediments is negative. It may well be that the differences
in the composition of these two groups of sediments is
affecting the apparent systematic error introduced by the
use of the granite and diabase as standards. The compositional
effect cannot explain all of the differences arising; they
are too large.
The effect of composition upon line intensities
has been pointed out by numerous authors. Brode and TImma
(cited in Ahrens, 1950) have indicated a sequence of elements,
Na, Sn, Ve, V, Al, Mn, Cd, Bi, Ca, Pb, Zn, and Cu in which
each element will increase the line intensities of the lines
of the elements listed to the left of it. It will be noted
that sodium occurs to the left of the calcium in this
series, indicating the possibility that the intensities
of the sodium lines are enhanced by the calcium present in
the sediments under study. All of the sediments from the
Gulf of Mexico proper probably have a moderate calcium
content, the globigerina oozes being extremely high in
calcium.
Because of the similarity in behavior of the
alkali metals in the D. C. arc, it is possible, by analogy,
that the presence of the calcium carbonate may be enhancing
the line intensities of all the elements being investigated,
and thereby causing the apparent percentages present to be
higher than the actual percentages. The effect may also
explain the difference in the behavior of the API samples
I
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COMPARISON OF FLAME PHOTOMETRIC AND
SPECTROGRAPHIC ANALYSES
Flame
Photo-
meter
Determi-
Sample nation
Spectro-
graph
Determi-"
nation
% Difference
based on flame
photometer
(Spec. determ.
flame photo.
WG 422-A
WG 542-B
FPS 314
EG 15-C
GC 42
MP 128-51
ABL Top
EG 107-A
E4G 128-A
EG 137-A
API 46715
API 46485
Miocene
Nodular
Lower Eutaw
Austin Chalk
Eagle Ford
G-1
1.80
2.25
2.85
2.22
2.57
2.16
1027
0.57
2.05
3.64
0.89
1041
2.24
0.71
1.78
3.75
1.38
3.33
3012
2.88
2.02
0.47
2.60
0082
3.26
3.42
2.11
1008
1068
2.44
0.25
5.4
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and the samples from the Gulf of Mexico in relation to
the standards. It is probable that except for the Austin
Chalk the API samples are low in calcium in relation to the
Gulf of Mexico samples. The Austin Chalk, it will be noted,
is the only one of the composite samples and of the other
API samples which probably has a large calcium content and
that this same sample is the only one of the composites
which has its K2 0 content higher than that determined with
the flame photometer.
Because of the apparent contradictions between
the flame photometer values and the spectrographic values,
no correction factor for the systematic error, if any, due
to compositional differences between the standards and the
unknowns can be adduced. Fence all the values are reported
as found by using the spectrographic techniques described
earlier. It is believed that these values are essentially
correct and that the systematic error due to compositional
effects is probably within the limits of the standard
deviation. Even if there is a significant systematic error,
the abundance ratios are probably correct since all the
alkali metals behave similarly in the D. C. arc.
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GENERAL DISCUSSION OF THE RESULTS OF THE
SPECTROGRAPHIC ANALYSES
The soluble salts were not leached from the
material prior to analysis for two reasons. The first is
that the soluble salts are considered to be part of the
sediment. Secondly, in the process of leaching the
soluble salts some of the exchangeable elements of the
clays may be removed. Thus the analyses represent not
only the quantity of the alkali metals in the sedimentary
materials but also the dissolved salts of the water which
remained behind when the water evaporated.
The spectrochemical results are listed in the
tables in Appendix II. In the discussion that follows
reliance will be made upon the use of histograms and scatter
diagrams to illustrate the occurrences of the various
elements in the different environments. Histograms seem to
provide the best means of illustrating the relationships of
the elements from environment to environment; scatter
diagrams are a convenient means of pictorially representing
the relationships between the various elements within the
sediments. Except for the rubidium-cesium relationships
the scatter diagrams have all been prepared using the
percentage of K2 0 as the abcissa and the percentage of the
oxide of the other element as the ordinate. This manner of
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drawing the diagrams was chosen because rubidium and cesium
follow potassium geochemically, and because a common
standard of comparison is desirable. So-called "co-equal"
diagrams are used to present the relationships between
potassium, sodium and lithium in the Gulf of Mexico
sediments (Conway, 1945).
The Average Values
The spectrochemical results have been broken
down into twelve parts: VLB samples, San Antonio Bay,
Rockport-Offshore, GR 7 PB, Mississippi Delta samples,
Globigerina Oozes, West Gulf exclusive of oozes, East Gulf
exclusive of oozes, Gulf of California, Offshore-California,
Mid-Pacific, and the composites.
The table on page 69 lists the averages for the
elements reported as oxides in each of these environments
together with pertinent abundance ratios based upon these
average percentages and the number of samples upon which
the averages are based. The figures on pages 71, 72, 73,
and 74 are bar graphs of the averages. This method of
illustration of the averages was chosen because it provides
a picture of the relationships between the elements and
the various environments which the numerical values alone
do not.
Comparison of the averages shows that the near-
shore environments of the Gulf Coast are significantly
AVERAGE VALUES
Rb 2 0 Li20
VLB Samples
Rockport (San
Ant6nio Bay)
Rockport
(Offshore)
GR 7 PB,
2.09 1.81 0.026
1.24 1.90 0.025
2.56 1.64 0.026
0.013
0.016
0.010
0.00052 0.87
0.0013 1.53
0.00082 0.64
0.55 0.42 0.0080 0.0044 0.00039 0.76
70 3500
76 1460
63 2000
53 1080
Mississippi
Delta
Glob iger na
Oozes (all)
West Gulf
(exclusive
of Glob.
oozes)
East Gulf
(exclusive
of Glob.
oozes)
14
19
33
45
1.67 0.91 0.013
3.57 2.11 0.026
3,06 2.85 0.037
3.47 2.93 0.036
0.0081 0.0007
0.013
0.55
0.00094 0.59
0.013- 0.0010
0 *015
0.93
0.00075 0.85
70 19401 271
81 2240
77 2850
81 3900
samples containing cesium in detectable quantities.
No. of
Samples iti20 K20 C820
K20
N620
K2 0
Rb2O
K2 0
Cs20
Rb20
1520
50
32
28
37
48
1 Based on the six
AVERAGE VALUES
(continued)
Na20 K20 Rb2 O L120
Gulf of
California
Off shore
California
(V, FFPS)
Mid-Pac if ic
Composite
Samples
2.75 2.49 0.035
3.49 3.00 0.035
4.28 2.78 0.028
0.0095 0.00094 0.91
0.012
0.014
0.0012
0.0011
0.86
0 .65
1.76 1.36 0.017 0.0091 0.00075 0.77
71 2650
86 2500
100 2530
80 1800 23
No . of
Samples CS20
K20 K20
Rb&
K2 0
s 20
Rb20
Cs2
37
29
25
ii
AVERAGE %
0
AVERAGE
F620
030
010
AVERAGE %
KZ0
3
0
500CO
low.
AVERAGE
Cs20
D~._
AVERAGE %
0 oi
V
.0010
0L
.010
-Q
Ak
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lower in sodium, potassium, and rubidium compared to the
sediments from the Gulf of Mexico proper and the sediments
from the various other marine environments. The sample
from the Guadalupe River, near Corpus Christi, has a very
low alkali metal content.
The sodium content of the globigerina oozes is
slightly higher than that of the other Gulf sediments while
the potassium and rubidium content is somewhat lower. The
average sodium and potassium contents of the four samples
from the Gulf of California are slightly less than those of
either the Gulf of Mexico samples or the Offshore-California
samples. The Mid-Pacific samples show a definite enrichment
in sodium, but contain a slightly lesser amount of potassium
than do the other marine samples. The composite samples as
a group are relatively low in all the alkali metal elements.
Examination of the lithium and cesium averages
shows that while there is some variation in the percentages
of these elements present in the sediments from the different
environments, as a whole the lithium and cesium contents of
the sediments are uniform. Some relationship between
environment and cesium and lithium content is suggested by
the relative higher percents of lithium and cesium present
in the San Antonio Bay samples. The low cesium and lithium
values of the Guadalupe River sample are also suggestive
of an environmental control.
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The sediments from the east side of the Mississippi
Delta as a group are lower in all the alkalies than is any
other group of samples. Only the sample from the Guadalupe
River is lower. The low alkali metal content of the
Mississippi Delta sediments is undoubtedly a reflection of
the composition of the material that is being brought down
the Mississippi River and deposited in the area.
East Gulf of Mexico Samples
As may be seen from the histograms for the elenents
contained in the East Gulf samples, the frequency distribution
reaches a definite peak for each element. While the sodium
content is distributed over a moderately wide range of
percentages, the concentration of sodium in the East Gulf
sedimnts seems to be between 3.25 and 3.75 percent, with the
peak of the distribution occurring at the 3.5-3.75 percent
a20 class. Comparison of the histograms for the sodium
content and the potassium content shows that the potassium
content is concentrated in three percent classes in
comparison to the two main percent classes for sodium.
However, the total range of the potassium percerts is not
quite so large as that of the sodium. The modal class of
the potassium distribution is the 2.75-3.00 percent K2 0
class. Unlike the spread shown by the sodium and
potassium contents of these sediments, the rubidium and
lithium contents are concentrated mainly in two percent
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classes. The sedimrents h1ve almost fifty percent of their
rubidium content concentrated within the 0.035-0.040 percent
Rb 2 0 class while over thirty percent of the L120 content is
concentrated within the 0.014-0.016 percent Li2O class. The
histogram of the cesium content of the East Gulf sediments
exhibits the mode at the 0.0008-0.0010 percent 0s20 class.
The cesium content of these sediments is evenly distributed
about the mode.
Comparison of the scatter diagrams indicates
that there is a moderate degree of correlation between the
behavior of the potassium and the sodium, that the correla-
tion between the potassium and rubidium is good, that the
correlation between the behavior of the potassium and the
cesium in the sediments is only moderately good, and that
there is no correlation between the behavior of the potassium
and the lithium. Although a scatter diagram is not shown
for the relationship between sodium and lithium, it was
found that there is no correlation between these elements
in the sediments (see pages 108 and 110). Experience has
shown (Rankama and Sahama, 1949) that lit hium follows
magnesium in the weathering cycle. Lithium differs in its
geochemical behavior from the rest of the alkali metals;
hence it is not to be expected that there should be any
correlation between lithium and any of the other alkali
metal elements. The correlation between the rubidium and
cesium content of these sediments is good, as is shown by
the scatter diagram.
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Histograms have also been prepared for the
potassium-rubidium, potassium-cesium, potassium-sodium and
rubidium-cesium ratios. Inspection of the histogram for the
potassium-sodium ratios shows that there are two peaks, one
in the interval between a ratio of 0.800 and 0.850, and one
between 0.90 and 0.95. The exact significance of these two
modes is unassessable without a detailed mineralogical in-
vestigation of the samples. Probably no significance can
be attached to them because experimental error could give
rise to such a distribution. The histogram for the potassium-
rubidium ratio also has two peaks, one in the ratio class
of 70 to 75 and another in the ratio class of 85 to 90. As
with the two peaks for the potassium-sodium ratios, it is
difficult, if not impossible, to assess accurately their
meaning without a detailed mineralogical study of the
sediments. However, it is suggested that the two peaks
in the potassium-rubidium histogram may be related to a
tendency for rubidium to concentrate in sediments. The
lower ratios may represent a tendency for the rubidium
to concentrate in sediments with a high clay mineral content
while the higher ratios perhaps represent the potassium-
rubidium ratio in sediments which are composed primarily
of detrital mineral grains which maintain their original
potassium-rubidium ratio. The potassium-cesium ratios
appear to be concentrated in the 3000 to 3500 class, although
they are somewhat irregular in distribution. The distribution
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is asymmetric toward the higher values. It may be seen
from the diagram for the rubidium-cesium ratios that there
is a rather wide range in these ratios with an asymmetric
distribution about the mode and that the main concentration
of the ratios is in the 40-45 class. The asymmetric dis-
tribution is to be expected if the cesium is concentrating
in the sedimentary material relative to potassium and
rubidium. The higher values approach the ratios of the
elements in igneousrocks.
West Gulf of Mexico Samples
The main mode of the histogram for the sodium
content of the West Gulf samples is at the 3.0-3.25 percent
Na20 class. The sodium contents of approximately one-
quarter of the samples fall within this class. The
potassium content of the West Gulf samples is spread equally
over four percent classes. This relationship indicates
that there is a rather -wide range to the potassium content
of these sediments. The frequency distribution of the
potassium in the East and West Gulf samples is essentially
the same.
The rubidium content of the sediments from west
of the Mississippi Delta is concentrated primarily within
the 0.035 to 0.040 percent Rb20 class, the values of the
Rb20 content of the East axd West Gulf samples agreeing
closely. The lithium content of the West Gulf sediments is
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spread over a relatively few percent classes and is
uniformly distributed within these classes, although there
is a slight tendency for a greater frequency within the
0.014-0.016 percent L20 class.
The mode of the cesium histogram for the West
Gulf samples is at the 0.0012-0.0014 percent Cs 2 0 class.
In comparison the mode of the cesium histogram for the
East Gulf samples is at the 0.0008-0.0010 percent Cs20
class. While possibly this difference in the modes of the
cesium histograms represents a real difference between the
cesium contents of the sediments, it may more likely be
explained as the result of experimental error, for the
disparity in the modes is within the limits of the standard
deviation.
The scatter diagram for the sodium in the West
Gulf sediments indicates a general correlation between their
sodium and potassium contents. However, because of the
dispersion of the values it is difficult to choose a
position for the line. It is believed that the line drawn
in the K20-Na2O scatter diagram is approximately correct
for the relationship. A greater number of points would
probably clarify its position. The potassium-rubidium
scatter diagram indicates that there is a definite and close
relationship between the potassium and the rubidium in the
sediments. The potassium-cesium scatter diagram shows a
better correlation between the cesium and potassium contents
of the West Gulf sediments than does the same scatter diagram
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for the East Gulf sediments. While the points plotted on
the rubidium-cesium diagram show a wide scatter, the line
drawn is believed to represent the correlation between the
two elements.
While there is some spread to the potassium-sodium
ratios, the greatest frequency seems to be about the
0.9-0.95 class; the chief concentration of the potassium-
rubidium ratios is in the 75-80 class. The potassium-
cesium ratios are concentrated chiefly within the 2000 to
2500 class. The distribution, however, is asymmetric toward
the higher values. The rubidium-cesium ratio histogram
indicates that the greatest frequency of the ratios is in
the 45-50 class. This distribution checks closely with
rubidium-cesium ratios of the sediments from the East Gulf
area. The differences are attributed to experimental error.
The degree of correlation between the potassium
and cesium in the sediments from the Gulf of Mexico may be
seen in the log-log plot on page 109. This diagram indicates
that the cesium is behaving similarly in all the sediments
concerned, although there is a general tendency for the
points representirg the East Gulf samples to occur on one
side of the line and for the points representing the West
Gulf samples to occur on the other. The relative positions
of the two groups of points my be related to the
experimental error inherent in the cesium determinations.
HPowever, the correlation between cesium and potassium in
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the Gulf of Mexico sediments as a whole appears to be good.
In an attempt to check upon the possible existence
of a relationship between either potassium and lithium or
sodium and lithium, log-log scatter diagrams ("co-valent"
diagrams of Conway, 1945) have been prepared for lithium vs.
sodium and lithium vs. potassium using the data from the
Gulf of Mexico samples. A scatter diagram using ordinary
coordinates is presented with the diagrams for the East
Gulf samples. There is no suggestion of a relationship
between the lithium and either potassium or sodium. In
addition to the plotting of the points, the correlation
coefficient for the lithium and potassium has been computed
for the surface samples from t he western part of the Gulf
of Mexico (Krumbein and Pettijohn, 1938, pp. 260-263). The
value of this coefficient is -+ 0.038, indicating that there
is essentially no relationship between the potassium and the
lithium in these sediments. A value approaching either
l or -1 would have indicated a relationship between the
lithium and potassium contents of the sediments while a
value of zero would have indicated the complete absence
of any relationship. The low value of the coefficient as
computed from the values of Li20 and K20 proves that there
is essentially no relationship between the two elenents in
the sediments. Because of the nature of the Na2 0 vs. LiO
plot, which is similar in all respects to that of the
K20 vs. L1 2 0 plot, it was decided that a similar computation
-112-
for the correlation coefficient was unnecessary. From the
plots and the computation the conclusion was reached that
there exists no relationship between the Na20 and the L20
in the sediments. Furthermore, because of the geochemical
coherence of rubidium and cesium with potassium, it was
concluded that neither computation of the coefficients nor
preparation of scatter diagrams to compare these elements
with lithium was necessary.
Comparison of sa from Various DeptLha
The possible existence of a change in the alkali
metal content of the sediments with depth 6f burial was in-
vestigated by construction of histograms for the samples
from the surface, 75 cm., and 150 cm. for both the East and
the West Gulf areas. There are 44 surface samples including
globigerina oozes, 29 samples from 75 cm., and 24 samples
from 150 cm. It will be seen that the sodium content of
the sediments from all three depths is essentially the same.
For the surface samples the frequency distribution of the
potassium is spread over more classes, although the mode
of the histogram occurs at approximately the same place as
for the potassium content of the samples from the 75 and
150 cm. depths. This wider distribution is believed to be
a reflection of the lower potassium content of some of the
globigerina oozes since the distribution about the mode is
asymmetric toward the lower percentages of K20. There are
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no globigerina oozes among the samples from the depths of
75 and 150 cm.
The distribution of the rubidium contents of the
samples is very similar for all three depths. The peak of
the frequency curves occur within the 0.035-0.040 percent
Rb 2 0 class for all three histograms, although comparison
of the three histograms indicates an increasingly greater
frequency within this class with increasing depth, implying
that there is a concentration of rubidium in this class with
depth. Furthermore, the fact that the number of classes
present below this class in the histograms for the
successive depths decreases while the number of classes
above it remains almost constant implies that the rubidium
may be undergoing concentration with depth of burial.
The lithium histograms for each depth in the
core show that there are two modes for the lithium distri-
bution in the surface samples, one in the 0.008-0.010
percent Li20 class and the other in the 0.016-0.018 percent
LI2O class. A similar frequency distribution is seen in
the Li20 content of the globigerina oozes (see page 130).
Since the globigerina oozes comprise almost 50 percent
of the surface samples it is not surprising that they exert
a control upon the frequency distribution of the lithium
as well as the other elements. The main concentration of
the lithium for the samples both from the 75 cm. and 150 cm.
depths is within the 0.014-0.016 percent Li20 class.
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The cesium data indicate that there is a difference
in the frequency distribution at each depth. In 20 percent of
the surface samples cesium is either not detectable or
present only as an unmeasurable trace. For those samples
in which the cesium is detectable, the main concentration of
cesium values falls in the 0.0012-0.0014 percent Cs2 0 class.
The histogram of the samples from the 75 cm. depth presents
two pEaks: one at the 0.0006-0.0008 percent Cs20 class and
a secondary one at the 0.0010-0.0012 percent CS20 class.
There Is only one mode for the samples from the 150 cm.
depth. This falls at the 0.0008-0.0010 class. While the
experimental error in the cesium determinations is moderately
large and must be taken into account when considering the
relationship of the cesium content of the sediments with
depth below the surface, it does not seem to negate the
indication that the cesium cont ent of the sediments under
discussion here decreases slightly with depth below the
surface.
The histograms of the potassium-sodium ratios for
the various depths indicate no essential change in the
relations of these two elements with depth, although there
is a decrease in the latitude of the ratios from the surface
to the 75 cm. depth. The main modes of the histograms of
the potassium-rubidium ratios occur at approximately the
same classes. There is no significant change in the
ratios from the surface to the 75 cm. depth. The difference
-125-
between the distributions of the ratio at 75 cm. and at
150 cm. seems to indicate either that the potassium is
being concentrated in depth relative to the rubidium ar
that more detrital material, maintaining its original
composition is present in the samples from this level. The
author favors the latter explanation. However, the apparent
increased frequency in the higher ratio classes is only a
suggested trend and actually a positive statement is
inappropriate on the basis of the present evidence.
The histograms for the potassium-cesium ratios
fail to indicate any definite systematic trend with depth.
Although the distribution of the ratios might suggest a
general increase in the ratios with depth, this trend
cannot be recorded as actually happening.
Study of the rubidium-cesium ratio histograms
demonstrates that there is a slight tendency for an increase
in the ratios with depth, meaning that either the rubidium
increases slightly with depth o that the cesium decreases.
Eamination of the histograms for both rubidium and cesium
content suggests that the rubidium content of the sediments
increases with depth and that the cesium content decreases.
The trend to an increase with depth of the rubidium-cesium
ratio is very slight, however.
GlobigQrin oozes
Inspection of the histograms for the globiger ina
oozes shows that the sodium content Is fairly well spaced
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but that the greatest frequency is in the 3.0-3.25 percent
Na2Q class. For the potassium content of tbhese foraminiferal
sediments the main mode of the histogram occurs in the
0.50-0.75 percent K2 0 class, although the potassium content
of these sediments does range as high as 4.50 percent. The
rubidium content has its greatest frequency within the
0.025-0.030 percent Rb 2 0 class, but it varies from 0.005-up
to 0.050. The distribution of the Li2 0 percentages shows
that there is a tendency for the lithium to be concentrated
in the 0.008-0.010 and 0.016-0.018 percent Li 2 0 classes.
The majority of the globigerina oozes do not contain
detectable concentrations of cesium. The rest of the samples
have no special concentration of cesium within any given
percent class.
It may be seen from the histograms that the
potassium-sodium ratios are centered about the 0.65-0.70
class while the potassium-rubidium ratios are concentrated
in two classes: the 70-80 class and the 90-100 class.
Since only a small number of the oozes contain cesium in
measurable concentrations, it is not possible to do more
than point out the fact that the potassium-cesium ratios in
these samples containing measurable amounts of cesium vary
between two and four thousand. The rubidium-cesium ratios
for those samples containing detectable quantities of cesium
vary from 26 to 64 with the main concentration of values
being between 30 and 35.
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Mississp Delta samples
The samples from the Mississippi Delta area
exhibit a good correlation between the behavior of sodium,
rubidium, and cesium with respect to the potassium. The
close correlation is shown by the scatter diagrams. The
abundances of the five alkali metal elements have been
plotted as histograms on the same page as the scatter
diagrams. Because of the fact that there are only fourteen
samples from the Delta area, it was decided that the
histograms should be plotted in terms of absolute frequency
rather than in terms of the percent frequency. Thus the
vertical scale for these histograms represents the number
of analyses which fall within the given percent class.
It can be seen that the dominant class for the
sodium content of these sediments is the 1.50-1.75 percent
Na20 class while the potassium percentages exhibit the
greatest frequency in the 0.5-0.75 percent class; over
one-half of the samples contain less than one percent K20.
The chief mode of the histogram for the rubidium content
is in the 0.008-0.010 percent Rb2 0 class, sediments with
Rb 2 0 in this class representing approximately 30 percent of
the total number of samples. The lithium content of the
fourteen samples is centered in the 0.006-0.008 percent
Li 20 class, thirty percent of the samples falling within
this class. The largest number of the samples contain no
detectable quantities of cesium or only unmeasurable traces.
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Of the renmining six samples, the cesium content falls
within the 0.0006-0.0008 percent Cs2 0 class.
The histograms of the potassium-sodium, potassium-
rubidium, potassium-cesium ratios and the rubidium-cesium
ratios are shown on the page following the scatter diagrams.
Two modes characterize distribution of the
potassium-sodium ratios; one is at the 0.40-0.45 class
and the other at the 0.80-0.85 class. The potassium-
rubidium ratios ar'E concentrated primarily within the
three classes between ratios of 65 and 80. The greatest
frequency is in the 70-75 class. Because of the low
cesium content in the sediments it is hard to deduce any
significant facts from the histogram for the potassium-
cesium ratio.
The San Antonio Bay, Rockport-Offshore, and VLB S
Because of the apparent similarity of the
depositional environments of the VLB and San Antonio
Bay samples, they have been combined in the preparation of
the histograms and scatter diagrams. However, different
symbols have been assigned to each group in the plotting of
the scatter diagrams so that the relationships of each may
be seen. The two groups have been plotted in the same
histogram because there is no way to separate them. As
with the samples from the Mississippi Delta area, it is
thought that an insufficient number of samples was analyzed
-138-
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to justify plotting the results in terms of percent
frequency; hence the vertical scales of the histograms
are in terms of the number of analyses, that is, absolute
frequency.
Comparison of the scatter diagrams for the VLB
and San Antonio Bay samples with the scatter diagrams for
the Mississippi Delta samples indicates that there is a
lesser correlation between the sodium and the potassium
in the former samples than in the latter. Comparison of
the potassium-sodium scatter diagram for the VLB and San
Antonio Bay samples with those of the East and West Gulf
suggests that the correlation may be due to the smaller
number of samples. One thing to be noted is that the
potassium-sodium, potassium-cesium and potassium-rubidium
ratios of the Rockport-Offshore samples are extremely
varied. These relationships may be in part due to the
lack of sufficient data, but it may also be due to an actual
failure of the other elements to follow potassium, or
vice-versa, in this environment.
The correlation between the potassium and
rubidium of the VLB samples is good; the San Antonio
Bay samples are a bit more scattered. It will be seen
in the potassium-cesium scatter diagram that the potassium
and cesium content of the VLB samples are fairly closely
correlated while the potassium and cesium values of the
other samples are not quite so closely related. The
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relationship for the VLB samples alone does not coincide
with the relationship for the whole group of samples.
The histograms drawn on the same page (for VLB
and San Antonio Bay samples only) indicate: (1) that the
sodium occurs mainly in percentages less than 2.0 percent
Na20 although the main mode, representing about 25 percent
of the samples, falls in the 2.25-2.50 percent Na20 class,
(2) that the rubidium has a fairly even distribution, falling
principally between 0.025 and 0.030 percent Rb20, (3) that
the potassium is concentrated between 1.5 and 2.0 percent
K20, (4) that the sediments are low in cesium, over forty
percent containing less than 0.0006 percent Cs 2 0, and
(5) that the lithium content is concentrated within the
0.010-0.014 percent Li 2 0 classes.
The potassium-sodium ratios center around 1.0.
The potassium-rubidium ratios, while being distributed from
50 to 95, fall mainly between 65 and 70. The potassium-
cesium ratios are more or less evenly distributed between
1000 and 6000. As may be deduced from the rubidium-cesium
scatter diagram, the rubidium-cesium ratios in tIe San
Antonio Bay and the VLB samples differ considerably.
The average for the San Antonio Bay samples is 19 whereas
the average for the VLB samples is 53.
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Mid-Pacific, Gulf of California, and Offshore-California
Samples
Because insufficient samples from the Mid-Pacific,
Gulf of California, and Offshore-California areas were
studied to warrant the construction of individual histograms
and scatter diagrams for each suite of samples, scatter
diagrams have been prepared for the potassium-sodium,
potassium-rubidium, potassium-cesium, and rubidium-cesium
relations using different symbols for each suite of
samples. It will be seen from the potassium-sodium
diagram that there is a moderate degree of correlation
between the potassium and the sodium for the groups as
a whole. The potassium-rubidium association is close.
The relationship exhibited between the rubidium and the
potassium in the MP-3 samples is interesting. These three
points are separated from the rest of the points, and they
fall essentially upon a line which is distinct from, but
approximately parallel to that which may be constructed
through the rest of the points. To draw a line for the
potassium-cesium relationship is an extremely hazardous
undertaking. There does appear to be a general relation-
ship as indicated by the line, but this interpretation of
the data is open to some question because of tre extreme
scattering of the values. The fact that the choice of the
proper position for the line through the points s a tenuous
undertaking is indicated by the construction of the line as
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a series of dashes rather than as a solid line. The
rubidium-cesium diagram points to a generally good
correlation between the rubidium and cesium.
Because lithium is not geochemically coherent with
the rest of the alkali metals and because an inadequate
number of samples was analyzed to warrant the construction
of histograms, a bar graph of the lithium content of the
sediments has been prepared to illustrate the relationships
present (see page 148). From this diagram it will be seen
that the samples from the Gulf of California are as a whole
lower in Li20 than any of the other groups of samples, and
that as a group the average Li20 content of the Mid-Pacific
samples is highest. The differences border on the limits of
the experimental error.
The relationships of rubidium and cesium to
potassium in the composite samples are shown in the scatter
diagram drawn for the Mid-Pacific and Gulf of California
samples. A separate bar graph of the lithium content of
these samples has been prepared (page 149). It may be
seen that the Lower Eutaw and the Selm Chalk are markedly
enriched in Li0 compared with the rest of the composites.
Summation of Ratios
As a pictorial summation of the relationship of
potassium to sodium, rubidium, and cesium, respectively,
histograms have been drawn for the potassium-sodium ratios,
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the potassium-rubidium ratios, and the potassium-cesium
ratios for all the samples involved in this investigation.
Also a histogram has been prepared for the rubidium-cesium
ratios. It will be seen from these diagrams that the
potassium-sodium ratio is moderately well spread, but that it
concentrates nainly in two classes, the 0.7-0.8 and 0.8-0.9
classes. The pot assium-nibidium ratio is most markedly
concentrated in the 70-80 class, although it does exhibit
a range of from 40 to 140. Most of the potassium-cesium
ratios are less than 3000. The rain mode of the rubidium-
cesium ratios falls in the 25-30 class, the ratios being
distributed principally between 20 and 50.
The equations for som of the scatter diagrams have
been computed and are listed in the table on page 156.
It will be seen that for the potassium-rubidium diagrams
the equations for the different groups are fairly similar.
For the potassium-sodium relationships the curve for the
VLB and Rockport samples is steeper than the rest which
agree moderately well. In the equations for the potassium-
cesium relationships an apparently significant variance in
the equations is present, both in the slope of the ctrve
and in the displacement from the origin. This fact suggests
that there may be an environmental or sedimemtological
control aver the potassium-cesium relationship in the
sediments. On the other hand, the difference in the
equations for the East and West Gulf samples may be suggestive
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of a difference in the relative lateral shift of the
working curves of potassium and cesium because of the
compositional difference between the standards and the
unknowns. The East and West Gulf samples were analyzed
at different times. In view of the similarities of the
two equations for the rubidium-cesium diagrams for the
Gulf of Mexico samples, it seems unlikely that such a
shift would be of the magnitude necessary to explain
the difference in the slopes of the two potassium-cesium
curves. There is probably some sedimentological explanation
which is not apparent at the present time.
Summary
The sodium content of the sediments from the
East and West Gulf areas are essentially the same; their
potassium contents are almost identical, the main con-
centrations being spread over several percent classes.
Both the rubidium and the lithium contents of the Gulf of
Mexico sediments are the same, the main modes occurring
in the 0.035-0.040 and the 0.014-0.016 percent classes
respectively. The cesium contents of the sediments are
slightly different, but this apparent difference may be in
part due to experimental error, although the equations for
the scatter diagrams indicate that there may be a sedimento-
logical reason. The main mode for the cesium of the East
Gulf samples is the 0.0008-0.0010 class in contradistinction
* -158-
to the main mode of the histogram for the West Gulf samples
which is in the 0.0012-0.0014 class.
There is no apparent concentration with depth for
sodium or potassium in the Gulf of Mexico samples. TTowever,
there is some suggestion that the rubidium may become
enriched in depth, although the histograms of the rubidium
content of the sediments from all three depths display the
main mode at the 0.035-0.040 percent Rb 2 0 class. The lithium
appears to remain constant with depth. Cesium may exhibit
a tendency to decrease with depth, but such a trend is not
conclusively proved.
While the sodium content of the globigerina oozes
is more ar less evenly distributed, the main mode occurs in
the 3.0-3.25 percent N class. The nin potassium
concentration is within the 0.5-0.75 percent K20 class.
The rubidium content of the globigerina oozes appears to be
a bit lower than that of the rest of the Gulf sediments,
the main mode occurring in the 0.025-0.030 percent Rb 2 0
class. The lithium content is similar to that of the other
Gulf sediments.
As a general rule scatter diagrams of the potassium-
sodium, the potassium-rubidium, and the potassium-cesium
relationships indicate that there exists relatively good
correlation between the behavior of the potassium in the
sediments and the behavior of the other elements. Lithium
follows geochemical pathi other than those taken by the
other four elements in the alkali metal group. There exists
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generally a good correlation between the behavior of the
rubidium and cesium. For the non-calcareous sediments the
notassium-sodium ratio has its greatest distribution between
0.80 and 0.95. The potassium-rubidium ratios are found
predominantly within the 70-80 class while the potassium-
cesium ratios are centered in the 2000-3500 region. The
main distribution of the rubidium-cesium ratios is between
40 and 50. The primary mode of the histogram for the
potassium-sodium ratio of the globigerina oozes occurs in
the 0.65-0.70 class while the potassium-rubidium ratios
have their greatest frequency within the 70-80 class.
The majority of the Mississippi Delta samples
contain from 1.50 to 2.00 percent Na2 0; over one-half of
these samples have less than one percent of K2 0. The main
mode of the rubidium distributIon falls within the
0.008-0.010 percent Rb 2 O class while the min mode of the
lithium distribution falls within the 0.006-0.008 class.
The majority of the samples do not contain detectable
quantities of cesium. The potassium-sodium ratio histogram
has two modes, one at the 0.4-0.45 class and the other at
the 0.80-0.85 class. The potassium-rubidium ratios are
spread mainly between 65 and 85, the greatest frequency
lying in the 70-75 class. All of these samples from this
area containing cesium have a rubidium-cesium ratio of
between 25 and 30.
The majority of the San Antonio Bay-VLB samples
have a sodium content of less than 2.00 percent Na20, but
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the mode of the frequency distribution falls in the 2.25-2.50
percent Na20 class. The rubidium of these sediments is
evenly distributed, and the mode of the potassium content
falls in the 1.5-2.0 percent K20 class. Forty percent of
the samples in this group contain less than 0.0006 percent
Cs20; the greatest frequency for lithium is in the 0.010-0.014
percent L 20 class. The ptassium-sodium ratios are con-
centrated around 1.0, the patassium-rubidium ratios in the
65-75 class, while the pctassium-ceslum ratios are evenly
distributed from 1000 to 6000. The rubidium-cesium ratios
are considerably different. For all the Rockport samples
the average value is 25 while for the VLB samples the
average is 50.
Of the samples from the Gulf of California,
from Offslore-California, and from the Mid-Pacific, the
lithium content of the sedirrents from the Gulf of California
is lowest while that of the Mid-Pacific sediments is
highest. The Mid-Pacific samples contain more sodium than
any of the other samples of this group.
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LITHOLOGIC INVESTIGATION
Priar to undertaking the spectrographic phase of
this investigation, the author examined most of the samples
with a binocular microscope in order to determine their
lithologic characteristics. It was by this method that the
globigerina oozes were finally separated from the rest of
the samples, although most of them could be distinguished
megascopically. The materials as a whole are so fine-
grained that even with use of the highest magnification
available on the microscope the mineral composition could
be only partially observed. Nevertheless, it was found
possible to separate those samples which were composed
primarily of clay matter from those which were composed
of clay- to silt-size fragments of mineral grains.
In addition to the examination with the binocular
microscope some of the samples were examined with a petro-
graphic microscope using imrmrsion oil techniques. Un-
fcrtunately time did not permit the petrographic study of
all the samples. From the petrographic examinations that
were made it was concluded that any extensive study of the
materials would require the preparation of insoluble
residues-because the clay naterial obscured the detrital
mineral grains. Despite this masking of t he detrital grains
by the clay minerals, it was possible to determine the
general detrital mineral content. Because of the extreme
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fineness of the naterial comprising the samples, the estimation
of the relative percentages of the detrital grains is not
accurate.
Differentiation between quartz and feldspar and
between tbe various feldspars was the object of morst of the
petrographic work. It was found pcassible to accomplish this
object through the proper choice of immersion oils. For
identification reliance was placed on the movement of the
Becke line. While an accurate determination of the feldspar
composition in grains the size of those in the samples in-
vestigated is impossible, their composition can be determined
as acidic, intermediate, or basic with the use of the
apropriate imne rsion oils. The method is semi-quantitative,
and the results can serve only as an indication of the
general mineral composition. The petrographic descriptions
may be found in Appendix III.
In addition to the microscopic examination of the
nuterial, fifteen of the samples were analyzed with differential
therrv.l equipment. While these samples were chosen more ar
less at random, some effort gas nade to choose them from
different areas. Two samples were taken from each of two
ccres. Unfortunately it was not possible to analyze any of
the Mississippi Delta samples or any of the Mid-Pacif ic
samples. However, it is believed that the Information gained
from the fifteen samples analyzed is suggestive of some
general trends.
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With the instrument used it Is possible to mke
five analyses simultaneously. The equipment is not sensitive
enough to indicate the presence of very small percentages
of either quartz or the clay minerals, perl-o.ps the minimum
quantity that it will indicate is between five and ten
percent. However, this limitation did not effect the
results of this investigation, for none of the samples
contained less than ten percent clay mineral. Most of the
argillaceous samples probably contain a small percentage
of quartz (<5%), but this quantity is insignificant compared
to the other components.
The thermograms obtained from this instrument
are to be found on pages 168-171. Published curves for the
various clay minerals (Kerr, P. F., et al, 1951) show
very sharp peaks for the clay minerals, but because of the
construction of the particular instrument used, the curves
obtained are rounded. The solid lines of the thermograms
represent the initial run and the dashed lines the rerun
which vas made to determine the presence or absence of
quartz. An endothermic peak at 5750 in the rerun curve
would indicate the presence of quartz, but since quartz is
a very minor constituent of the mterials analyzed, this
peak is absent.
The table on pages 164-165 presents the results
of the thermographic phase of the investIgation. The sample
number is listed together with the clay minerals found in the
DIFFERENTIAL T HERMAL ANALYSES
Sample No. Clay Minerals Percent Petrographic Description
WG 140-A
WG 145-B
WG 485-A
WG 538-A
WG 538-B
WG 542-A
WG 542-C
WG 549-B
Illite (?). Exothermic
peak at 7250 is low for
illite. The clay may be
a mixture with mont-
morillonite.
Montmorillonite
Illite
Illite and montmorillonite
mixture; cannot tell the
quantity of each present.
Illite (?). This may be a
mixture of illite and
montmorillonite.
Illite
Illite
Some montmorillonite and
a moderate portion of
carbonate.
50
80-90
50
70
60
70
70-80-
30
Gray clay with significant
amount of feldspar; material too
fine to differentiate the type
of feldspar.
Light gray clay.
Coarse brownish gray clay; moderate
amount of feldspar present.
Light gray clay; plagioclase of
the approximate composition of
andesine.
Gray clay; clay minerals
represent about 50 percent
of the sample. Some feldspar
is present.
Clay minerals dominant; feld-
spar is of intermediate
composition.
Pure clay mineral; may be a very
little carbonate mineral present.
Whitish clay with a moderate
percentage of carbonate.
I.
DIFFERENTIAL TFERMAL ANALYSES
(continued)
Sample No. Clay Minerals Percent Petrographic Description
EG 9-A
EG 12-A
EG 15-A
EG 99-A
EG 111-B
Illite
Illite
Illite
50
30-40
50
Mont morill onite;
probably a mixture of
montmorillonite and
illite.
Montmorillonite; a small
amount of kaolinite may
be present.
FPS 75
J 35-A
Illite
40
50
20
Illite 20
Gray clay with some feldspar
and less than 5% quartz.
Gray clay with less than 5%
silt-size quartz grains.
Dark gray clay with the
feldspar content in the
albite-oligoclase range;
5% silt-size grains of quartz.
Dark gray clay with rare
quartz grains of silt size.
Plagioclase of intermediate
composition.
Red clay with frosted quartz
grains up to 0.08 mm. Non-
clay fraction mostly inter-
mediate plagioclase.
Greenith silty clay containing
a variety of minerals. Low
clay mineral content.
Reddish buff clay; large
proportion is plagioclase,
probably of albite-oligoclase
composition. Some quartz is
present.
I.
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Occurrence of Alkali Metals in Samples Analyzed in
the Differential Thermal Analyzer
Sample
No. K2 0 Rb 2 0 L120 Cs20
WG 140-A
WG 145-B
WG 485-A
WG 538-A
WG 538-B
WG 542-A
WG 542-C
WG 549-B
EG 15-A
EG 9-A
EG 12-A
EG 99-A
EG 111-B
FPS 75
J 35-A
2099
2*67
3.44
3.38
4.66
3.55
3.32
3.08
3.34
3.47
2.26
3.30
3083
2.52
3.30
3.01
3.10
3.54
2.91
3.32
1.88
3.05
1.48
2.50
2.92
2.02
3.43
3.80
1.02
1*67
0.040 0.015
0.031 0.011
0.035 0.014
0.038 0.0080
0.057 0.015
0.032 0.0097
0.051 0.010
0.018 0.011
0.035 0.010
0.039 0.014
0.033 0.017
0.040 0.015
0.036 0.015
0.0072 0.0028
0.038 0.010
0.0014
0.0013
0.0016
0.0010
0.0014
0.00052
0.0011
Trace
0.00080
0.00086
0.00057
0.0014
0.0006
Trace
0.00077
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Occurrence of Alkali Metals in Samples Analyzed in
the Differential Thernal Analyzer
(continued)
Sample K20 K20 K20 Rb 2 O
No. a82020320
WG 140-A 1.01 75.2 2150 29
WG 145-B 1.16 100 2380 24
WG 485-A 1.03 101 2210 22
WG 538-A 0.861 76.6 2910 38
WG 538-B 0.711 58.3 2370 41
WG 542-A 0.530 58.6 3620 62
WG 542-C 0.919 59.9 2770 46
WG 549-B 0.48 82.3 -
EG 15-A 0.747 71.4 3050 43
EG 9-A 0.840 74.9 3390 45
EG 12-A 0.894 61.2 3540 58
EG 99-A 1.04 85.7 2440 39
EG 111-B 0.992 106 6320 60
FPS 75 0.666 87.1 - -
J 35-A 0.506 43.9 2170 49
300 400 500
TEMPERATURE
600 700
in *C
THERMOGRAMS
800 900 1000 1100
I I I I
100 200
400 500
TEMPERATURE
600 700 800 900
in *C
T E M A SI - - --- - I
100 200 300 1000
F)J0)
1100
THERMOGRAMS
400 500 600
TEMPERATURE in
THERMOGRAMS I-II I
100 200 300 700
'c
S00 900 1000 1100
400 500 600
TEMPERATURE in 'C
THERMOGRAMS I I I I
100 200 300 700 g00 900 1000 1100
-172-
sample. The percentages of clay minerals given are
probably accurate to * 15%.
To aid in the discuss ion which is to follow, a
brief resume of the petrographic descriptions of the samples'
is also given. The table on pages 166-167 presents the
pertinent data concernir the presence of the al1eli metals
in these samples. This same data is to be found in the
first appendix.
While the data appear to be insufficient to draw
any definite conclusions regarding the relationship of the
alkali metals and the clay components of the sediments, it
is thought tiat some general trends which appear to be
present should be pointed out * Mare data might possibly
prove that the trends suggested by the facts presented here
do not exist.
Those samples with a low ( < 65) potass ium-rub idium
ratio are predominantly illite with the single exception of
the RockportyOfffshore sample (J 35-A) which contains only
about 20 percent clay mineral . The samples which contain
illite but which possess a larger potassium-rubidium ratio
all contain detrital feldspar grains. These grains are
dominantly of intermediate plagioclase composition. It is
suggested that t he higher potassimn-rubidium rat io is related
to the feldspar content and the lesser amount of clay
mineral. The lower potassium-rubidium ratios probably
represent a tendency for the rubidium to concentrate in illite
relative to potassium.
The samples containing illite are as a group
slightly lower in potassium than the other samples;
WG 542-A is particularly low in potassium. The illite
group of clay minerals is generally thought to provide the
sites for the fixation of potassium in the sediments. This
apparent relationship between law potassium content and high
illite content does not agree with our present knowledge of
the chemical constitution of the illite group.
Because of t he similarity of the peaks for mont-
morillonite and il3ite it is possible that the thermogram
of WG 542-A was interpreted incorrectly. This sample may
actually be a mixture of montmorillonite and illite. If
it is a mixture, the relatively low potassium content is
accounted for.
Grim, et al (1949) have suggested that illite M.y
be brought into the narine environment in a "degraded" form,
there to be changed into "noimal" illite by the adsorption
of potassium from sea water. The potassium is removed from
the illite during the weathering processes, arrd the degraded
material is transp x ted to the oceans before it regains it s
potassium.
A suggested reason for the low potassium content
in the illite is that the illite in this particular sample
has not adsorbed its full capacity of potassium from the sea
water and that the material is thus lower in potassium than
the illite content would indicate.
A third possible cause for the seemingly low
potassium cortent of WG 542-A is that the estimated clay
-173-
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content is too high. Fowever, the values are believed to
be accurate within limits of 15 percent.
The sodium content of the sediments shows no
part icular relationship with the type or the quantity of
the clay m"ineral present in a sample. The lithium content
of all of the samples aralyzed thermlly is approximtely
the same, although there nmy be a slight tendency for the
lithium to concentrate in the samples containing montmorillonite
and mixtures of montmorillonite with illite or kaolinite.
The illite-bearing samples are as a whole lower in Cs 2 0 than
the other samples. The potassium-cesium ratios are higher,
indicating that there is less concentration of cesium in
relation to the potassium in these naterials than in the
others. There is no definite c orrelation between the clay
mineral and the rubidium-cesium ratios, although a tendency
to higher values may possibly be indicated.
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VARIATIONS WITH DISTANCE FROM SHORE
The effect of depth of burial upon the alkali
metal content of the sediments was considered earlier in
the section concerned with the discussion of the spectro-
graphic results. No definite systematic variation with
depth is apparent in t be content of the elements. However,
an indication is present that the rubidium cortent increases
slightly with depth. The frequency distribution in the
0.035-0.040 percert Rb 2 0 class increases., but there is no
actual change in the main mode. Seemingly there is a slight
decrease in the cesium content with depth. In an effort
to determine whether differences in the abundances of the
alkali retals might be present in the sediments, both with
depth and with distance from shore, the diagrams on pages
176 and 177 were constructed. The tiree sets of colored
lines represent the three sample depths in the cores. The
elerents are designated by the symbols rarking the points
on the plot. One diagram is presented for the Ship Shoal
traverse of t he West Gulf, and one is presented for the
Mobile II traverse of the East Gulf.
The diagrams and the analyses of the West Gulf
sanples indicate that there is no systenatic variation in
alkali metal content with depth and distance from shore
along the Ship Shoal traverse. In some cores the alkali
metal content is higher in the sample from 75 centimeters
below the top of the core than that from the surface and in
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the same core the sample from the 150 centimeter depth is
lower in the alkalies than that from 75 centimeters. In
other cores the alkali metal content decreases from the top
of tle core to 150 centimeters, and in still others it
increases. Thus no definite relationship between the alkali
metal content, the depth in t le cores and the distance from
the share al ong t he Ship Shoal traverse appears to exist.
Examination of the diagram for the Mobile II
traverse from the East Gulf area leads to the same conclusions
as those arrived at in the examination of the data from the
West Gulf traverse. However, one point to be noted from the
diagram for the Mobile II traverse is the similarity in the
alkali netal content for all three depths.
These diagrams emphasize the similarity in the
behaviar of al 1 of t he alkal ies in any one sample. There
are var iations, bu t as a gen era 1 r ule it c an be st ated t hat
when a sample decreases in any one of the alkali mtals, the
other four decrease also. The lithium in each sample
follows a course somewhat independent of the others, but in
a general way it still exhibits a similar behavior. In
almost all cases the a lkali metal elements follow the same
pattern of distribution within an individual core, but the
pattern of distribution varies from core to core..
The Mississippi Delta samples exhibit no systematic
increase with depth below the surface; just about as nany
increase in their alkali metal content with depth as decrease.
The tendency, if any can be said to exist, is for the
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alkalies to decrease with depth in the VLB samples. However,
the data corc erning these samples are so meager that it is
dangerous to draw any definite conr lus ions.
The samples from core MP 17-2 show an increase in
alali tre tal content with depth; however, since only two
depths are represented the tendency cannot be considered to
be more t han a fortuitous trend. The three samples from
core MP-3 suggest that an irnrease in depth does not always
occur since in the sequence from the surface toward the
bottom of the core the alkali metal content first increases
and then decreases.
While analyses are available for t he potassium and
sodium content of other samples from different depths in the
core GC 44, the se a ralyses were made upon the 1.0 to 0.1
micron size fraction only and thus cannot be directly
compared with the results of the analysis done by the
author. No indication is given in the paper by Grim, et al
(1949) as to the proportion of the sample falling in this
size category. However, the suggestion is that the largest
port ion of the potass ium occurring in t he s ed iment analyzed
was found in this size fraction. The same sample contains
less than one percent Na20'
Isopleth Maps
A series of five isopleth (Krumbein & Pettijohn,
1938) maps have been prepared for the surface samples from
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the eastern part of the Gulf of Mexico. Because not all the
samples from the 75 and 150 cent imeter depths in the core
were necessarily contemporaneous in deposition, similar maps
were not prepared for the samples from these depths, and too
few samples from the other areas preclude the construction of
similar maps for them. Even though the samples from the East
Gulf area are widely spread and the contours that are drawn
can be only broad gereralizations, the author believes tl-at
the maps irdiicate the presence of a relationship between
sedimentological processes and the alkali metal content of the
sediments being formed. Unfortunately little is known about
the oceanography of the East Gulf area and any relation of
the maps to currents, depth of water, temperature, etc., would
be purely speculative.
In constructing the maps th-e author chose the
contour intervals so that the effects of experimental error
would be negated; that is, the intervals are such that a
difference of 15 or 20 percent in the values upon which the
contours are based will not affect the position of the
contours appreciably.
Study of the six maps (see pages 181-186; a map
of the Gulf of Mexico area to be placed under these maps for
reference purposes has been placed in the pocket) shows that
the East Gulf sediments have a relatively low alkali metal
content in t he region of Lat. 260 N., Long. 860 W., although
the exact center of the lcw spot differs with the element
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concerned. It is also to be noted that rear the Alabana
coast te alleli metal content decreases landward. This
fact is in keeping with the lithology of the sediments
occurring here. The s edime nts a long t he Mobile I travers e
decrease in clay content and increase in the quartz content
from the Mississippi Delta towards the Alabama coastline.
An explanation of the low spot in the contours in
the region of Lat. 260 N., Long. 860 W. may be that the
calcareous sediments to t he east -ive a higher clay mineral
content than those in this area and that there is a relative
increase in the calcareous natter in comparison to the clay
mineral cortent toward this general area.
In contrast to the increase in the potassium and
cesium seaward along the traverse f rom Cedar Keys, Florida,
is the decrease of the rubidi um content of the sediments.
At the present time there seems to be no explanation for
this apparently anomalous behavior of the rtbidium. Most of
the samples taken from this traverse are globigerina oozes.
A strong current moving westward around the
Mississippi Delta may be transporting the lithium-bearing
materials away from the area. Probably the lithium is
being removed by sedimnentation or by the action of currents
rather t han through any base exchange action.
In the construction of the contours the author
did not use the Mississippi Delta samples. rowever, core
MP 123 is very close to EG 212 and is notably lower in its
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alkali metal content. Because the contours between the two
samples would be overly congested, they have been omitted.
It is to be noted though that there is a decrease in the
alkali metal content of the sediments shoreward toward
the Delta from the 10 fathom line and that this decrease is
very abrupt.
To be noted also on these maps is the general
similarity of the contours as a whole, especially in the
region of Lat. 260 N., Long. 860 W. They indicate that the
alkali netal cortent of the sediments increases as the
central part of the Gulf of Mexico is approached. The
explanation of this phenomenon is the fact that the sediments
west of approxinately Long. 860 W. are predominantly clay
whereas those sediments occurring east of this longitude
are composed predominantly of calcareous matter. Even
though the samples from the top of cores 1, 2, 3, apd 4,
are all foraminiferal oozes, they each contain a large
clay mineral fraction.
An interesting point shown by the map of the
lithium distribution is the fact that the lithium content
of the sedinents decreases rather sharply away from the
mouth of the Mississippi River. The other elements begin to
increase in the sediments in a relatively short distance
away from the mouth of the river' whereas the lithium content
of the sedime rts continues to decrease continually outward
from the Delta. The exact significance of this relationship
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is hard to determine because of the large area over which
the relatively f ew data must be interpreted. The relation-
ship of the distribution of lithium and the ot her elenents
to the Mississippi River nay in reality be mare apparent
than real due to the lack of information and the relatively
great distances between the poirts used in the contouring.
A suggestion is that lithium concentrates much more rapidly
than the other elements in the sediments coming down the
Mississippi River, eitber through base exchange r because
the lithium is present predominantly as a structural com-
ponent of the minerals which are being transported by the
Mississippi River and which are being deposited relatively
near the mouth of the river.
Only one isopleth nap was constructed f ' the
ratios because too nany of t he sur face samples did not
cortain detectable quantities of cesium. An idea of the
relation of the potassium-cesium ratio distribution may be
obtained by comparing the potassium and cesium isopleth
ma ps.
The isop3eth map for thbe patassium-rubidium ratio
shows that t here Is a concentrat ion at rubidium with respect
to potassium from the Mississippi River Delta toward
Mobile, A3abama. Also there is a suggestion that rubidium
concentrates slightly in the sedinents lardward from
Lat.'28o N., Long. 860 W. The deposits in this area are
globigerins oozes.
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GEOCHEMISTRY
In this section brief discussions of the basic
geochemical rules applicable to the investigation and t he
geochemistry of the alkali metal group as a whole will be
given. In arder to comprehend fully the reasons for the
behavior cf the alkali metal elements in the sedimentary
cycle it is necessary to understand five basic rules af
geochemistry. It is also necessary to be acquainted with
the geochemistry of these elements in igneous rocks in order
to understand the possible sources of the elements.
Together with the discussion of the geochemistry
of the al1alies in igneous rocks, the sedimentary cycles of
the elements will be considered as far as they are known
on the basis of present data.
The third part of this section is a discussion of
the clay minerals. Since the clay minerals apparently have
an important role in determining the occurrences of the
allkali metals in a sediment, the author believes that a
brief review of them is justified.
Geochemical Principles
Bas ic Rules: In the discussion of the behavior of a group
of elements in silicate minerals it is necessary to keep in
mind five general rules. The assumptions are made in the
application of these rules that the ions can be treated as
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spheres with given dimensions, ti-at the ions have a formal
charge, and thbat there is an electric intensity present at
the surface of the spherical ion. This electric intensity
Vi
may be visualized as being defined by - , where Vir
is the ionization potential of the given ion and r is its
radius. However, because of the similarity in the electron
configuration about the nuclei of the various allali metals,
the ionic potential, Z (Goldschmidt, 1937) may be used
r
as a measure of the electric intensity (L. H. Ahrens, oral
communication). The five rules are as follows:
1. For two ions to replace one another to any
significant extent, their radius difference should
not be greater than approximately 20 percent of
the smaller ion.
There is no strict requirement concerning
the actual size difference between the two ions,
for the difference that is permitted depends
upon the type of structure of the host mineral,
the temperature at which the crystal formed, and
the rigidity of the two cations, particularly
the rigidity of the replacing cation.
2. When two cations of similar size and
given charge compete for a suitable structure
site in the lattice of a growing crystal, the ion
with the higher electric intensity at its surface
is admitted preferably.
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Usually the smaller of tbe two ions has the
greater intensity, as may be seen from the ionic
potential. This potential is actually only an
approximation of the electric intensity since
the electronic conf iguration of the particular
atom or ion will cause the actual f ield intensity
at the surface to depend upon the electron
configuration.
3. When two ions of the same size, but of
differing charge compete for a suitable structure site
in the lattice of a growing crystal, the ion of higher
charge enters preferentially because of its greater
electric attraction at the surface.
4. If there is a charge difference between two
replaceable ions and if the substitution is
significant, electrostatic balance must be maintained
by a concomitant replacement of cations elsewhere in
the structure.
5. If the charge dif ference is greater than
one, no significant substitution takes place, even
though the ionic sizes are the same.
Since the alkali metals all have a similar electronic
conf iguration ard the same charge, the first two rules are
of primary importance in their geochemistry, although in the
consideration af the behavior of these elements with relation
to other elements all five rules are applicable.
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Geochemical Coherence: Two elements are considered to be
geochemically coherent if they occur together in rocks and
mirerals in an approximately constant relation. That is to
say, their properties are such that they will respond
similarly under like circumstanc es. The coherence of two
elements may be related to the five rules mentioned above,
particularly ith the first and second rules. Thus two
elements of a geochemically coherent pair will lave similar
radii and similar ionic potentials.
The alkali metals as a whole form a more or less
geochemically coherent group. They behave gererally in
the same way in magmatic differentiation, and under the
influence of weathering they are among the most soluble
elements. There are dif'ferences in the degree of coherence.
Lithium behaves independently of the other members of the
group except for a very general coherence while there is
close coherence between potassium and rubidium.
Ionic Potential and Hydrated Radii: In the process of
weathering one of the important agents is hydration of the
minerals of the rocks and hydration af the elements which
comprise the minerals. In the weathering cycle the alkali
metals areamong the most soluble of the elements. Being
easily hydrated, they are removed early from the rock-forming
minerals. Because of their relative ease of hydration the
alkali metals do not behave during the weathering and
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sedimentary cycles in the nanner expected from consideration
of their ionic radii and the ionic potential based upon their
ionic radii alone. If they followed the geochemical paths
suggested by their ionic potentials, lithium would be
relatively enriched in the sediments over the other alkalies
and cesium would be a significant trace element in sea
water. However, according to present knowledge,, cesium is
concentrated in sediments in relation to lithium. Instead
of the ionic radius the hydrated radius of a given ion
apparently is the controlling factor in its behavior in the
sedimentary cycle.
Water molecules may be pictured as a series of
dipoles which are capable of being oriented and attached to
either cations or colloidal particles. During the weather-
ing process water dipoles become attached to the ions
released, forming about the ions envelopes of rather indefinite
dimensions. The size of this envelope about a cation
depends upon the ionic radius of the ion and upon the electrical
energy which is available at the surface of the ion. Even
though the envelope of water dipoles about a cation is of
somewhat indefinite size, it does have a limit. The table
below lists the allali metal ions together with their ionic
radii, their hydrated radii, and the ionic potential based
upon the ionic radius of the ions, and the ionic potential
based on the hydrated radius.
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Hydrate d
Ionic Rad ius
Radius (rh) Z Z
(r) (Gedroiz) r rh
Li 0.68 3.65 1.47 0.274
Na 0.98 2.80 1.02 0.358
K 1.333 1.90 0.752 0.526
Rb 1.47 1.80 0.680 0 .555
Cs 1.67 (1.67) 0.600 0.600
Boyd, et al (1947), have indicated that the
hydrated radius of cesium is essentially equal to its
ionic radius; hence in the table the ionic potential based
on the hydrated radius is actually the ionic potential
of the ion itself. It may be seen that the order of
decreasing hydration is Li> Na> K>Rb>Cs, and t bat the
relative hydration decreases with increasing atomic weight.
Because af the small difference between their
ionic potentials based on the hydrated radii, rubidium and
potassium should follow one another closely in the sediments.
Cesium and rubidium should exhibit close geochemical coherency
also. On the basis of . potassium, rubidium, and cesium
rh
should concentrate in the sediments in relation to both
sadium and lithium. Furthermore, sodium should show a greater
relative concentration in the marine sediments than lithium.
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RevIew of the Geochemical Relations of the Elements (Rankanma
and Sahama, 1949)
An understanding of the relationship of the allali
metals in igneous rocks is considered nece-ssary to the
interpretation of the occurrence of alkali mtals in
modern sediments. Therefore a brief review of their
occurrence in Igneous rocks is presented in the following
paragraphs together with a review of our general knowledge
of t heir aburdances in sediments. The data in which
statements concerning the abundances of Rb, Cs, and Li in
sediments are based af scant.
Lithium: The following table abstracted from table 12.2
of Ranliama and Sabama shows the lithium content of some
igneous rocks. It may be seen that lithium tends to be
concentrated in the 3ate products of crystallization.
This tendency is followed through to the formation of lithium
minerals, lepidolite , spodumene, and amblygonite in the
residual pegmatites. The me tal is enriched during the
course of crystallization in the ferro-magnesian minerals.
Biotite appears to be the prinary host mineral because
of the availability in its structure of octahedral co-
ordination sites into which the lithium nay fit. Because
of their similar ionic radii lithium may substitute for
magnesium in minerals. The average lithium content of
igneous rocks is 0.014 percent Li20*
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Content of Lithium in Some Igneous Rocks
Dunite, eclogite
Gabbros, compos ite
Andesites, composite
Granites, composite, Germany
Basic rocks
Acidic rocks
% L20
0.0005
0.0021
0.0032
0.039
0.016
0.015
The table below surnarizes the lithium content
of some sediments.
Lithium Content of some Sediments
% L 20
Sandst ones 0.0038
Shales 0.0095
Red Clay 0.017
Glauconite 0.035
Limestones (minimum) 0.0056
Because of the higher lithium content of the red clay,
Rankama and Sahama (1949) conclude that the lithium content
of deep sea sediments is higher than for other marine
deposits. This conclusion is open to serious question, and
- R ,
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will be discussed in the section pertaining to the lithium
content of the sediments analyzed in this investigation
(see page 238).
So far as is known the lithium content of sea
water is 2x10-n5 percent L20O. Thomas and Thompson (1933)
determined the lithium content of sea water using a
procedure that involved the precipitation of magnesium
carbonate and its removal from the system by filtration.
Because lithium may substitute for nagnesium the procedure
may have introduced an error by removal of some of the
lithium with the magnesium carbonate. It is possible
that the lithium content of sea water is higher than this
figure indicates. The lithium dissolved in the seawater
as Li' represents 0.0003 percent of the total dissolved
solids . These values indicate that the lithium is
quant itat ively rem oved from t he s ea water. As w ill be
discussed later, lithium may not come to the seas in
solution, but rather in detrital grains and colloidal
material.
Sod ium
Sodium is enriched in the residual melts and
solutions during magmatic differentiation, and like the rest
of the alkali metals is either totally absent or present
only in minor amounts in the early crystallates. Sodium
occurs in igneous rocks and metamorphic rocks chiefly in the
Potassium
Like sodium, potassium is enriched in the
residual melts, but to a greater degree. The potassium
content of igneous rocks increases in relation to the sodium
content in goirg from the basic to the acidic rocks. In the
al~ali-rich rocks both sodium and potassium are found in
the feldspars and in the feldspathoids. The micas contain
important quantities of potassium and sodium. However, there
is a difference in the relative amounts of the two elements
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feldspars. As part of the albite molecule it is gradually
enriched in the later crystallizing rocks until it reaches
its maximum content in the granites and nepheline syenites.
The average sodium content of the igneous rocks is given as
3.84 percent Na20 by Rankama and Sahama. The sodium content
of igneous rocks is slightly higher than their content of
potass ium, the potassium-sodium ratio being 0.816 for
igneous rocks as a whole.
The average sodium content of argillaceous
sediments according to Rankama and Sahama (1949) is 1.31
percent Na 2 0, and the potassium-sodium ratio is 2.48. In
sea water sodium predominates over potassium, the sodium
(Na20) content of the dissolved solids in sea water of a
salinity of 35 parts per thousand being 41 percent Na20
(Na 4: 10.6 parts per thousand, Sverdrup, et al, 1942).
The potassium-sodium ratio of sea water is 0.011.
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present in the feldspars and the micas. In the feldspar
group the sodium feldspars are of about the same abundance
as the potassium-rich feldspars; but in the mica group,
potassium is the more abundant element. These potassium-
rich minerals form primarily during the last part of the
main stage of crystallization of the magma and are enriched
in potassium which Is more abundant at this stage of the
history of the igneous rocks than the sodium.
The average pot assium content of shales is 3.25
percent K2 0 in comparison with an average potassium content
of igneous rocks of 3.12. The potassium content of the
dissolved solids of sea water is 0.046 percent K20
(K* = 0.380 parts per thousand).
Comparing the sodium and potassium contents of
marine sediments and of sea water it may be seen that
potassium enters the marine sediments in preference to the
sodi um, and t hat t he sodium has become relatively enriched
in the oceans of the world. Removal of the potassium is
attributed to the formation of new minerals such as glauconite
and phillipsite in the marine environment, to reactions
occurring between the colloidal particles brought to the
sea by the rivers and the oceanic waters, and fixation by
some marine organisms. The bulk of the potassium has been
transferred to the sediments whereas the sodium has tended
to concentrate in the oceans. According to Conway (1945)
62 percent of the total quantity of the sodium brought into
the oceans has been left in the seas whereas only 2.4 percent
of the potassium has remained in the waters.
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Rubidium and Cesium
Rubidium and cesium are found together almost
constantly in the rocks of the earth. Having radii and
ionic potentials very close to those of potassium, these
members of the alkali netal group follow it geochemically.
They become concentrated in the salic minerals during the
processes of crystallization, and because of their greater
ionic radii they are concentrated even more than potassium
in the late differentiates.
Because of the closeness with which rubidium
follows potassium, it does not farm independent minerals.
Cesium with its greater ionic radius is concentrated with
respect to rubidium and in sone instances the concentration
is sufficient to permit the formation of a cesium mineral.
Rubidium is nearly always present in the potash feldspars.
The table below lists the abundances of rubidium and cesium
in some igneous rocks.
Rubidium and Cesium Content of Some Igneous Rocks
(Rankama and Saham )
% RbO0R20 % Cs20
Gabbros, composite 0.002 not detected
Granites, composite 0.09 0.004
Griesen rocks, Germany 0.2 0.007
Nepheline syenites, composite 0.048 0.0006
Pre-Cambrian granites, Finland 0.13-0.14 0-0.005
Granites 0.05-0.099 0
Syenites 0.06 0
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More recent work (L. H. Ahrens, oral communication)
on the composition of granites and basalts has given us the
following values for the rubidium and cesium content of an
average igneous rock:
Rb20 0.038%
Cs20 0*00042%
The micas are also important bearers of rubidium
and cesium in igneous rocks, rubidium and cesium being more
abundant in the micas than in the feldspars.
For average igneous rocks the potassium-rubidium
ratio approaches 100; that given by Ranka ma and Sahama,
recalculated to the oxides is 92. The potassium-cesium ratio
calculated on the same basis is 4210. The rubidium-cesium
ratio is ,46. In comparison the same ratios in argillaceous
sediments according to these authors (Table 12.8) are 99,
2500 and 25.
The rubidium and cesium content of some sediments
is given in the table below (Rankama and Sahama, 1949).
Rubidium and Cesium Content of Some Sediments
% Rb2O % Cs20
Shales, composite 0.033 0.0013
Red clay 0.043 0.0014
Glauconite 0.060 0.0016
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As may be seen from the table, our knowledge of the
occurrence of these alkali metals in sediments is meager.
Since rubidium and cesium behave geochemically in
a manner similar to potassium, they may be expected to follow
potassium during the weathering processes. Despite the fact
that the value of the potassium-rubidium ratio for the
argillaceous sediments given above is about the same as for
the igneous rocks, rubidium, because of the greater electric
intensity at the surface of the hydrated ion theoretically
should be enriched with respect to potassium. However, the
difference of the intensities may be insufficient to cause
a significant separation. The enrichment of cesium with
respect to potassium should be even greater than the
rubidium enrichment * While the extremely high values of, the
potassium-rubidium and potassium-cesium ratios for the
dissolved solids of the sea are suggestive of the enrichment
in marine sediments, they cannot be used as definite proof.
We do not know the relative amounts of rubidium and cesium
that are being transported from the land to the sea in
solution. It is conceivable that part of the enrichment
of both these elements, if any occurs, takes p~ace during
the weathering of the parent material, and that significant
portions of the rubidium and cesium are transported in the
colloidal clay minerals as well as in detrital grains.
The values to be used in discussing the abundances
and geochemical behavior of the alkali natals in sediments
are summarized in the table on page 204. Most of the
Igneous
Rocks
% L'20
% Na20
0.014
3*82
% K20 3.12
% Rb20 (0.038)1
0.034
% Cs20 (0.00042)1
0.00074
K20
Na20
K2 0
Rb 2 O
K2 0
C82 0
Rb2O
Cs2 0
0.816
(82)2
92
Sandst ones,
etc.
0.00037
0.44
1.32
0.030
3.00
44
(7400)2
4200
(91)2
46
Shales,
etc.
0.00099
1.31
3025
0.033
0.0013
2.48
Limestones
0.00056
0.050
0.33
6.6
98
2500
25
1 Values given author by L. H. Ahrens, May, 1952.
page 202.
2 Ratios computed on basis of values noted under footnote 1.
See
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Average Alkali Metal Composition of Igneous and
Sedimentary Rocks
-
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infor mation was compiled from table 5.52 in Rankana and
Sahama (1949).
Goldschmidt (1937) has calculated that for every
kilogram of sea water 600 grams of average igneous rock have
been supplied to the oceans. The table below summarizes
his calculations for the alkali metals.
Comparison of Alkali Metals tn Se Water and
in Potential Supply
Potential Supply
in 600 grams of
Sea Water rock. mg/kg of Percent of element
Ele went mg/kg sea water in solution
Na 10769 17000 63
K 380 15000 2.6
Rb 0.2 190 0.1
Li 0.1 39 0.2
Cs 0.002 4 0.05
The percentages of the elements in solution
suggest that there should be a significant enrichment of
rubidium and cesium in sediments with respect to potassium.
While the sodium and potassium contents of sea water are
accurately known, the knowledge of the abundances of the
other elements is inadequate. The value for the quantity
of cesium dissolved in sea water is only an approximation
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and that for lithium is open to question. The author does
not know the reliability of the abundance value of rubidium,
but he assumes that there May be sowe doubt as to its
accuracy.
Clay Minerals (Grim, 1939, 1942)
Since the clay minerals are apparently the most
important components of argillaceous sediments, a brief
discussion af them seems appropriate at this point. The
clay minerals are hydrous aluminum silicates with a layer-
type of lattice. While they may be formed as the result of
hydrothermal processes, clay minerals are chiefly the
products of weathering. They mry form as residual products
of the breakdown of the parent materials, or they may form
through the complete destruction of the original material
followed by synthesis of the aluminum, silicon, and the
other elements into the clay mineral.
The clay minerals are composed of two structural
units; one unit is the alumina or aluminum hydroxide unit
which consists of two sheets of close-packed oxygens or
hydroxyls between which the aluminum atoms are found. The
other unit is a sheet of silica tetrahedral groups linked to
form a hexagonal network.
The clay minerals are generally divided into three
groups: the montmorillonite group, the illite group, and the
kaolinite group. The structure of the montmorillonites
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consists of one gibbsite, or alumina sheet, between two
silica sheets. The unit structure is held loosely together
by water molecules. Illite has a similar structure, but
there is the substitution of up to 15 percent of A13 + for
Si4+ . In order to balance the charges potassium occurs
between the units and ties them together. The kaolinite
structure is composed of a gibbsite sheet and a single sheet
of silica tetrahedral groups.
Probably the most important property of the clays
in marine sedimentation and in the geochemistry of the alkali
metals in mrine sediments is that of base exchange. This
property is related to the clay mineral structures and
substitutions that may take place in the structure. Since
base exchange affects many properties of clays, considerable
investigation of this characteristic has been undertaken.
For the alkali metals Noll (cited in Rankama and Sahama,
1949) indicates the following series in arder of decreasing
replaceability: Li> Na>K>Rb>Cs. Ross and Hendricks
(1945) report a similar series for the relative ease of
rep lacement in montmorillonites: Li 4 Na K <Mg ( Ca.
The order of ease of replacement of the alkali metals as
found by Noll is to be expected in view of the relationships
of their hydrated radii and the ionic potentials based upon
these radii. Ross and Hendricks found that their series did
not hold for all clays and that there is a different series
for each clay mineral. There is thus a suggestion that
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factors other than hydrated radius and ionic potential must
be considered; however, these two factors seem to be the
most important .
Weigner (cited in Marshall, 1949) considers that
in base exchange the two most important factors are the
valency of the ions involved and the degree of hydration of
the ions. He points out that for ions of equal valency,
those which are the least hydrated (i.e., have the smallest
hydrated radii) possess the greatest energy of replacement
and are the most difficult to displace when already present
upon the clay (see rules 1 and 2, page 191). Clays which
are saturated with highly hydrated cations are themselves
more highly hydrated and are more difficult to coagulate
than the clays which are saturated with the less hydrated
cations.
Studies by soil scientists have indicated that
under alternate wetting and drying potassium is fixed in a
non-replaceable form in clays of the montmorillonite and
illite groups. This phenomenon could have a definite role
in the potassium content of mrine sediments. The potassium
might be brought to the area of deposition, not as a cation
in solution or as an ion that can be exchanged, but as a
component of particulate matter. Furthermore, if it had
been fixed in the material prior to erosion, it would not be
displaced by the calc ium or t he magnesium present in the
environment of depos t ion. The rubidium and cesium may be
fixed in this manner, although no proof exists because of
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the lack of studies. Fixation of potassium is especially
prevalent in the clays of soils of the midwestern part of
the United States-the source area for much of the material
coming down the Mississippi River and into the Gulf of
Mexico and may be an explanation of the high potassium
content of some of the sediments.
Those ions which can fit into the positions
occupied by the potassium in the potash micas-e.g.,
rubidium and cesium-show the strongest tendency to become
non-exchangeable as the result of the alternate wetting and
drying. The tendency toward fixation may greatly modify
the usual relationships between ionic hydration and valency
of the exchange cation and the colloid-chemical properties of
the clay. The previous history of the clay is of extreme
importance.
Ross and Hendricks (1945) have shown that lithium
can proxy for aluminum in octahedral coordiration in the
montmorillonites; as a general rule, lithium does not occur
in montmorillonites as an exchangeable ion. This statement
is true to a lesser extent for potassium. Lithium may also
occupy the unfilled positions in the gibbsite layer.
The replacements which take place in the
structures of the clay minerals are responsible for the
base exchange properties of these materials. In kaolinite
few or no subst itutions are found in the structure; conse-
quently the mineral has a low base exchange capacity. What
base exchange does take place in kaolinite seems to be
-210-
attributable to broken bonds on the edges of the mineral
fragments. Montmorillonites exhibit the substitution of
Mg2+ for A134 in the gibbsite layers resulting in an excess
charge on the lattice. Some of the aluminum ions rmay be
replaced by ferric ions, but in this case the electrostatic
equilibrium is not disturbed. Some substitution of A15t
for Si4 also occurs in the montmorillonites, but the re-
placement is of limited extent and does not prevent the
lattice from expanding. The excess charges initiated by
the various substitutions in the montmorillonites are
balanced by the presence of water molecules and by the
presence of various cations. These excess charges play an
important role in base exchange. Illite has exchange
properties intermediate between those of the kaolinite and
of montmorillonite groups. In the ilite group of clay
minerals the chief replacement in the structure is of
A13+ for Si4+. The resultant excess charge is balanced
by potassium ions which serve to hold together the
structural units.
In both illite and montmorillonite the base
exchange is on the basal planes while for illite a signif-
icant portion of the exchange action is centered on the
flake edges.
Montmorillonite tends to form from basic igneous
rocks if the ferro-magnesian minerals and feldspars are
decomposed simultaneously, or if the drainage conditions are
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poor. On the other hand, kaolinite will form if the ferro-
magnesian minerals decompose f irst and t he magnesium and
iron are removed from the system either in solution or
through precipitation. Illite is a common soil mineral
which forms under many conditions; it Is widespread in
sedimentary clays a nd is knmwn to occur in many ancient
sediments. Djitz (1942) showed that illite was the most
abundant clay mineral in the marine environment* Some
question has arisen as t o the redominance of illite in all
marine sediments (Grim, et al, 1949).
Improved differential thermal techniques show that
montmorillonite and illite are frequently equally abundant
in recent sediments. Ancient sediments generally exhibit
little montmorillonite. According to Grim, et al (1949),
the abundance of montmorillonite in recent sediments and its
general absence in ancient sediments indicates that it is
lost during metamorphism and not diagenesis.
On weathering the rocks break down into ions and
colloids. Like the ions the c~lloidal particles are
electrically charged. This charge is caused by the partial
dissociation of the superficial parts or by the adsorption
of the ions from the solutions with which it is in contact.
If ions are adsorbed on the particle, they form an atmosphere
which follows the particle in its movements. The colloidal
particle may possess either a negative or a positive charge,
the sign depending upon the circumstances prevailing during
the formation of the colloid.
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Because of their extremely fine size, the clay
minerals play an important role in this adsorption of ions.
It is because of this phenomenon that the clay minerals are
important in the sedimentological geochemistry of the alkali
metals. Theypresert a large surface area with a great
surface energy. In the attempt to lower their energy state
they adsorb the cations. The cation with the greater electro-
static potential at its surface is preferentially adsorbed
in relation to one with a lesser electrostatic potential
at its surface (see rules 2 and 3, pages 191-192).
Montmorillonite tends to break down into extremely
smll particles because of the weak forces holding the
structural units together. Illite does not disintegrate as
extensively as montmorillonite because the structural units
are bound together with stronger forces. Kaolinite remains
in relatively large particles in comparison to the other
clay minerals. As colloidal particles the clay minerals
exhibit an order of adsorbability due to the differences in
surface area exposed per cubic centimeter: montmorillonite
) illite > kaolinite.
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DISCUSSION OF TTE RESULTS
In the previous sections the results of the
investigation have been described, and pertinent information
concerning the basic geochemical considerations has been
summarized. The discussion that follows will be concerned
with evaluation of the analytical results and the relation
of these results to our present knowledge of the abundances
of the alkali nq tals in sediments and in igneous rocks.
Emphasis will be given to the discussion of the various
ratios since these probably are not affected by any
systematic error present in the determinations of the
absolute abundances (see discussion of accuracy).
Meager knowledge of the sedimentological processes
and products in t he var ious areas fr om wh ich t he samples
were obtained requires that the discussion be confined to a
description of the occurrences of the elements and that only
very general relationships to lithology be pointed out.
Because of the number of environments from which the samples
came, it is believed possible to indicate some general
relationships between the sedimentary environment and the
alkali metal content. In large part the actual relation-
ships are functions of the provenance of the sediments
as well as the environment of deposition. The provenance of
some of t he sedime nts is known in a general way; for some
of the other materials the provenance cannot even be inferred.
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The map on the followirg page shows the general
distribution of the sediments in the Gulf of Mexico (Lowman,
1949). It is presented here to provide a picture of the
general distribution of the sedimnts in the Gulf of Mexico
area. The Rockport samples, the VLB samples, and the
Mississippi Delta samples are from the Pleistocene and
Recent area; samples from both the East and West Gulf were
analyzed from the other three areas. However, except for the
separation of the carbonate materials from the rest, it
has been impossible to differentiate lithologically between
the detrital shelf sediment§ and the deeper water sediments
of the Continental Slope and the Sigsbee Deep.
The study of the variations of alkali metal content
with depth and distance from shore (see pages 175-179 )
indicates that no regular increase or decrease in the alkali
metal content exists with depth and distance from shore.
The suggestion is, rather, that the variations in the
abundances of the alkali metals are closely connected with
the type of sediment foimed, and thus are dependent on the
factors influencing the distribution of the sedimentary
material. The isopleth maps constructed for the East Gulf
surface samples indicate that there is a relationship
between the type of sediment, the distance from the land
areas, oceanographic conditions, and the alkali metal content,
but because of insufficient information concerning the
sediments no definite explanation may be given for the
relationships apparently present.
DEPOSITIONAL PROVINCES OF GULF OF MEXICO
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Potassium-Sodium Ratio
Before discussion of the various ratios can
properly be undertaken, it is necessary that tl-e effects of
the salts left behind when the water in the cores evaporated
be considered. The table below shows the alkali metal
content of sea water.
Element Content in Sea Water
mg/k
Li 0.1
Na 1.0 x 104
K 380
Rb 0.2
Cs 0.002
MAfr. Stetson (oral communication) has advised the
author that the water content of the sediments at the top
of the cores ranges from 20 to over 200 percent of t he dry
weight of the sample. That is, if there are 100 grams
of sedimentary material present in a given part of the core
and its water content is 200 percent, there are present in
addition to the sedimentary naterial 200 grams of water.
If the assumption be made thbat the average water content
of the sediments is 100 percent, calculations show that
the following amounts of the alkali metals are left behind
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when the water evaporates from the sediment:
Element Weight Percent
Li 1 x 10-5
Na 1.07
K 0.04
Rb 2 x 10-5
Cs 2 x 10- 7
These values show that t he only abundance value affected
materially by the pr esence of salts left behind on
evaporation of the water is that of sodium.
Because of a wide variation in water content,
depending on the amount of clay present in the sediment,
it is impossible to correct the sodium content of the
sediment for the sodium left as salts when the water
evaporated. However, as a matter of interest, the average
sodium contents of the Gulf of Mexico, the Mid-Pacific,
and the Gulf of California sanples have been corrected
assuming that the water present in the materials at the
time they were cored was 100 percent of the dry weight
(Na2 0 : 1.44%). This assumpt ion for the average water
content may be incorrect, but it is thought to be of the
proper order of magnitude.
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Average Values Corrected for Sodium Content of
Sea Water Assuming Water Content = 1
Average Average Corrected K20
K20 Na20
Samples Content Content Content Na20corr.
East Gulf 3.47 2.93 2.03 1.44
West Gulf 3.06 2.85 1.62 1.76
Mid-Pacific 4.28 2.78 2.84 0.98
Gulf of California 2.75 2.49 1.33 1.87
Globigerina
Oozes 3.57 2.11 2.13 0.99
It may be seen that the potassium-sodium ratios
are affected markedly by such a correction and that they
approach more closely the sodium-potassium ratio of shales
computed from the average chemical composition.
Even with the salt correction sodium and potassium
occur in about equal quantities in the Mid-Pacific and the
globigerina ooze samples. A relatively high sodium content
in the globigerina oozes may possibly be explained by the fact
that certain types of organisms concentrate sodium. The
ability of organisms to concentrate sodium has been shown by
Said (1951). He found that certain calcareous foraminifera
have t he ability to concentrate sodium in amounts of from
0.63 to 0.95 percent Na2 0. In the same materials he found
that potassium was not appreciably concentrated and that
lithium was not detectable.
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MYf. Stetson (oral communication) has suggested to
the author that the alkali metal content of the oozes from
the eastern part of the Gulf of Mexico may possibly be
related to the lowering of sea level during Pleistocene
time. He states that little if any carbonate material
is being derived from the Florida Peninsula at the present
time and that all of the sediment in the area apparently
represents material reworked when the seas advanced after
the Pleistocene glaciations. Weathering during a period of
lowered sea level could have produced a concentration of clay
materials which would be reflected in the present sediments.
Despite the presence of evaporated salts in the
sedimentary material, the potassium-sodium ratios of the
marine sediments generally show the presence of an increased
potassium content relative to the sodium content compared
to the ratio (0.82) of the same two elements in igneous
rocks. The potassium-sodium ratio of the sample from the
Guadalupe River (GR 7 PB) is essentially correct. The
quantity of sodium dissolved in river water is insufficient
to affect the results (see page 222 for the average sodium
content of rivers draining into the western part of the
Gulf of Mexico).
The potassium-sodium ratio of the composite samples
reveals that the sodium and potassium are present in
approximately equal abundance, similar to the relationship of
the two elements in the average igneous rock. Dissolved salts
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due to the evaporation of sea water are not present in these
samples, although some salts may be present as a result of
the evaporation of connate water contained in the sediments.
Taylor (1929) and Case (cited in Kelley and Liebig,
1934) found that some oil field shales contain an unusually
large amount of sodium. Taylor attenpted to explain its
presence by a base exchange mechanism, but Kelley and Liebig
found that the sodium in clays will be replaced by the
magnesium present in sea water. They cane to the conclusion
that a process other than base exchange must be the cause of
the presence of a more than average quantity of sodium in
oil field shales. Since the composite samples contain
significant quantities of organic matter, it is possible
that the higher sodium content is related to the organic
matter.
Eddington and Byers (in Bradley and others, 1942)
made chemical analyses of a number of samples from cores
taken in the North Atlantic. They also aralyzed three
samples obtained from the ocean floor near Ocean City,
Maryland, and eight from the Bartlett Deep in the Caribbean.
The average sodium and potassium content of the aterials,
corrected fcr ignition loss, is presented in the table below.
% Na20 ' K20 K2 0
Na20
Ocean City, Md. 1.97 1.74 0.87
North Atlantic 1.80 1.02 0.57
Bartlett Deep 1.41 0.64 0.45
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Neither the author of the present paper nor
Eddington and Byers removed the dried salts from the sea
water before making the analyses. The materials from the
North Atlantic and the Bartlett Deep are enriched in sodium
relative to potassium in comparison to the relations of these
elements in igneous rocks* The potass ium-sodium relation
of the samples from off Ocean City, Maryland, is similar
to that of Igneous rocks. The extent to which the sediments
contain the dried salts, of course, is unknown, and cannot
be evaluated, but even so the comparison of the analyses with
those from other areas seems warranted. The samples from
the North Atlantic have potassium-sodium ratios similar to
those of the globigerina oozes from the Gulf of Mexico
while the material from off the Maryland coast has a ratio
similar to that of the other samples from the Gulf of Mexico.
The calcium content of the samples from the Iorth Atlantic
and from the Bartlett Deep is high, being of the order of
25 to 30 percent CaO (45 to 55% CaCO 3 )* In contrast the
three samples from near Ocean City, Maryland, are low in
calcium, having an average content of 7.7 percent CaO. A
correlation between the calcium content and the potassium-
sodium ratio is suggested from these data. This is to be
expected, of course, since the carbonate-rich materials
probably contain lesser amounts of the potassium-rich
minerals than the sediments formed from detrital material.
The author was informedl that the CaCO3 contents of
1 M. N. Bramlette, letter dated March 31, 1952.
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GC 42, GO 44, ard GO 50 were 11.1, 10.2, and 11.7 percent
respectively. The average potassium-sodium ratio of the
Gulf of California samples is 0.91. Thus further evidence
is present that there is a correlation between a high
potassium-sodium ratio and the calcium content of a sediment.
Comparison of the isopleth maps for the sodium
and the potassium abundarces of the East Gulf sediments
(see pages 181 and 182) indicates that there is a correlation
between the potassium-sodium ratio and the lithology. The
areas of the East Gulf which have sediments with high calcium
carbonate content have a correspondingly low potassium
content and a high s odium content. Further correlation is
seen in the samples from near Mobile, Alabama. The contours
indicate that the potassium is much lower in the sediments
in this area compared with sodium. The near-shore sediments
here contain mostly detrital quartz and very little clay
mineral.
Analysis of Mississippi River silt (Clarke, 1924)
shows thavt there is an average of 1.51 percent Na2 0 being
transported as silt and 2.30 percent K2 0. Analyses of the
water of the Mississippi River (Clarke, 1924) indicate that
at Carrolton, Louisiana, the river is transporting 146 parts
per million as dissolved solids of which 9.3 percent are
Na2 0 and 1.9 are K20. The potassium-sodium ratios for the
silt and for the dissolved solids are 1.5 and 0.20 respectively.
These figures seem to indicate that most of the potassium
is being transported as detrital and colloidal material and
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that the sodium is transported in solution. A large portion
of the potassium may be left behind, fixed in the soil
by physio-chemical processes or by plants.
Clarke (1924) gives analyses of the dissolved solids
present in the waters of several rivers which drain into the
eastern part of the Gulf of Mexico. The average salinity of
the rivers is 67 parts per million. The average sodium
content of four rivers is 15 percent Na20, and the average
potassium content of the dissolved solids is 3.8 percent
K2 0. The potassium-sodium ratio computed from the average
values of the abundances of sodium and potassium is 0.25.
This ratio indicates that most of the potassium is being
transported in the detrital and colloidal matter.
Four rivers draining into the western part of the
Gulf of Mexico carry an average of 662 parts per million in
solution (Clarke, 1924). The average potassium and sodium
contents of the dissolved solids are 24 percent Na2 0 and
3 percent K20 respectively. The potassium-sodium ratio is
0.12 indicating that an even greater proportion of the
sodium is in solution compared with that of the rivers
draining into the eastern part of the Gulf.
If, as is indicated by the potassium-sodium ratios
for the various sediments from the Gulf of Mexico, the sodium
and potassium are of about equal abundance, most of the
potassium must be transported in colloidal and detrital
material. The major portion of the separation of the two
elements must take pace in the weathering cycle rather than
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in base exchange in marine environment * That this separation
does occur is irdicated by Goldich (1938). The sodium
decreases constantly during the course of weathering whereas
potassium apparently accumulates in the soil profile relative
to the sodium for a short period before any significant
quantity of it is removed. Examination of the hydrated
radii and the ionic potentials computed with the hydrated
radii (page 195) suggests that such a separation should
take place. The so dium with its lower electric intensity
at the surface and its, greater tendency toward hydration
reflected in its greater hydrated radius should be removed
before the potassium.
Potass ium-Rubidium Ratio
The table on page 204 indicates that the potassium-
rubidium ratio of an average igneous rock is 82 if the more
recent value for the rubidium content of an average rock is
accepted. The average of the potassium-rubidium ratios of
the sedirentar y mater ials us ed in t his invest igat ion,
exclusive of t he composite samples is 76. The agreement of
the two values is so close that the experimental error
involved in their determination is greater than the difference
shown. Thus there is no positive indication of errichment of
rubidium in relation to potassium in the sediments as a whole.
However, there is a suggestion that enrichment does occur in
some of them. If the value of the rubidium cortent of an
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average igneous rock given by Rankam. and Sahama (1949)
is accepted, an enrichment of rubidium with relation to
potassium is suggested, although the difference between the
values of the ratio far igneous rocks and the values of the
ratio for the modern sediments is bordering on the limits
of experinental error. Since the figure of 82 is being
accepted in this paper as the value of the ratio, the
conclusion is reached that there is no significant enrichment
of rubidium in the sediments as a whole.
Even if the higher value for the potassium-rubidium
ratio is accepted, there is no enrichment present in the
sedinents from the Gulf of Mexico proper nor in the Offshore-
California sediments. An enrichment of rubidium relative
to potassium is suggested for the samples from Offshore,
Rockport, Texas, but none appears to be present in the
samples from San Antonio Bay. The lowest ratio is that of the
Guadalupe River sample. The petrographic examination of
the sample does not reveal any particular reason for the low
value of the ratio. Probably the rubidium is concentrated
in the clay fraction of the sample, for the feldspar is of
intermediate plagioc3ase composition.
The average potassium-rubidium ratio for the Mid-
Pacific samples is 100, indicatirg t hat instead of an enrich-
ment in rubidium an enrichment in potassium relative to
rubidium is present. Sample MP 3-112-116" contains a large
percentage of zeolite (phillipsite?)9- The high potassium-
rubidium ratio (137) for this sample may be attributed to a
1 M. N. Bramlette, letter dated March 31, 1952-.
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greater tendency for potassium to enter the zeolite structure
than for the rubidium to do so, although from the consideration
of the electric field intensity at the surface of the
hydrated ions and the hydrated radii this relationship would
not be expected. On the other hand, the ionid radii may be
the controlling factor in the determination of which ion
enters the structure. The possibility that the zeolite
is a detrital mineral and that the potassium-rubidium
relationship Is a relict of the earlier history of the
mineral must also be considered. If the mineral had formed
where the ionic radii was the controlling factor, the
re ationship as found might be expected. Without separating
the zeolite from the rest af the material and analyzing it
for the alkalies, no definite statement as to the relation-
ship can safely be made. All of the samples from core MP-3
possess a high potassium-rubidium ratio, and this phenomenon
may possibly be related to a high aeolite content in each of
the three samples. Of the other four Mid-Pacific samples,
the potass ium-rubidium ratios of two suggest that there is
an enrichment in rubidium relative to potassium. The ratios
for the other two indicate that there is no significant
enrichment in them.
While any conclusion based on the analysis of the
one sample from the Guadalupe River can be only tentative,
an interesting relation between potassium and rubidium in
the weathering and sedimentational cycles suggests itself.
The low value of the potassium-rubidium ratio in this sample
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indicates tkat the rubidium is erriched with respect to
potassium during the weathering and transportation cycle.
Probably this enrichnent process, if it exists, takes the
farm of differential removal of potassium from the minerals
during the weathering processes, resulting in the relative
concentration of the rubidium in the remaining material.
When this naterial is moved to the narine environment, the
potassium Is probably more cr less completely returned to it
by adsorption from the sea water and fixation by marine
organisms. Hence no apparent enrichnent would be present
in the marine sediments. That such a separation can take
place is indicated by the hydrated radii of potassium and
rubidium.
As is indicated by the potassium-sodium ratio of
dissolved so lids in river waters, a relatively large propor-
tion of the potassium removed during weathering and erosion
must move to the sea in co lloidal and detrital naterial, and
it is pr obable t hat e ven a larger pr oport ion af t he rubidium
contained in igneous rocks does likewise.
The value of the potassium-rubidium ratio of shales
computed from the average abundance of potassium and rubidium
in shales is 98 (see page 204). This value is essentially
the same as the value obtained for the ratio in igneous rocks
using the values for the abundance af potassium and rubidium
in igneous rocks as given by Rankama and Sahama (1949,
page 440). These authors state tiat the rubidium and cesium
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are adsorbed into argillaceous rocks more than potassium.
However, the values of the potassium-rubidium ratio for
igneous r ocks and for argillace ous sediments given in their
table 12.8 (page 440) contradicts this statement. Rather
the potassium-rubidium ratio given in the table for
argillaceous rocks is slightly greater than that for igneous
rocks.
While the statement is generally made that rubidium
is enriched in argillaceous rocks, no proof seems to exist
to support this statement. The basis for this statement in
the literature has apparently been the analyses of shale
composites made by Goldschmidt, Bauer and Witte (1934).
The data from this investigation is too scant to warrant
the conclusions that are generally made from it. Neither
the values given by Rankana and Sahama for the average
alkali metal composition of sedimentary rocks nor the values
obtained in t his investigation f or the potass ium-rubidium
ratio indicate that any significant enrichment takes place
in marine sediments.
Potass ium-Ces ium Rat lo
The potassium-cesium ratio computed from the average
alkali metal composition of igneous rocks is 7400 (see table
page 204). If the value for the cesium content of an average
igneous rock given by Rankama and Sahama is used in the
computation of the ratio, it is 4200. The potassium-cesium
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ratio far shales computed from the abundance values given
by Rankama and Sahama is 2500. The average value for the
modern sediments is 2450, agreeing closely with the value
computed for shales from the data in Rankama and Sahama. If
the values of t he ratio for the Mississippi Delta, Guadalupe
River, and San Antonio Bay samples be ignored in computin
the average, it is 2800. Whether the more recent value of
the cesium content of an average igneous rock is accepted or
whether that given by Rankama and Sahama is used for purposes
of comparison, the conclusion is reached that enrichment of
cesium with respect to potassium has apparently taken place.
The samples from Atchafalaya Bay and from the
eastern part of the Gulf of Mexico do not show as large an
enrichment as the rest of the samples. The difference of the
ratios between these two groups of samples and the other
marine samples borders on the limits of experimental error
and thus is probably not indicative of a lesser enrichment
of cesium in the sediments of these areas. The samples from
the Rockport, Texas, area contain a greater proportion of
cesium in relation to their potassium content than do the
other sa.mples, and the sediments from the Mississippi Delta
area also show this same degree of enrichment of cesium.
Comparison af the potassium-cesium ratios for the
Gu~dalupe River sample, the samples from San Antonio Bay, and
the Rockpart-Offshore, samples suggests an interesting trend
in the abundances of the alkali metals in sediments. It will
be noted t hat the potassium-cesium ratio of the Guadalupe
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River sample is relatively low in comparison to the ratios
far t he other samples used in this investigation. The San
Antonio Bay samples possess a slightly higher ratio than
that of the Guadalupe River sample, but one that is still
significantly lower than the average value of the ratio for
all of the samples. The Rockport-Offshore samples have
an average potassium-cesium ratio which approaches the average
value for all the sediments. This relationship suggests
that there may be a progressive removal of cesium from the
sedimentary naterial between the fluvial and open ocean
environments. Another, and better, explanation is that the
potassium content of the sedirrentary material increases in
the sedin nts in the marine environment through adsorption
of the potassium by the clay minerals, by formation of new
minerals, and by f ixation of the potassium by plants and
organisms. A separation of potassium and cesium in the
weathering cycle similar to that described for the separation
of potassium and rubidium is suggested, the cesium moving to
the sea mainly in the colloidal and detrital material.
A third possible explanation for this apparent
relations hip between the fluviatile and the marine environ-
ments is that of provenance. The Guadalupe River rises in
an area of sediments. If there is any concentration of
cesium in relation to the potassium in these sediments, it
would be reflected in the potassium-cesium relationship
found in the sediments formed from the older sedimentary material.
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The cesium would probably be further concentrated with
relation to the potassium. The approach of the ratio in
the Rockport-Offshore samples to that of the overall average
suggests that the mterial in these samples is mixed with
material derived from other areas. There is a strong
westward-moving current along the coast in this area bring-
ing material from the Mississippi Delta region (Goldstein,
1942).
The conclusions regarding the relationship of
the potassium-cesium ratio of the Guadalupe River sample and
the San Antonio Bay samples can be regarded only as tentative
because the data are insufficient. Because of the gresence
of an offshore bar separating San Antonio Bay from the Gulf
of Mexico and because of the westward-moving current,
comparison of the San Art onio Bay samples and the Rockport-
Offshore samples may not be warranted.
On the basis of presently used values for the
potassium and cesium content of average igneous rocks,
enrichment of cesium in relation to potassium by a factor
of two to three is indicated.
Because the cesium content of the sea water is not
accurately known, it is not possible to make a quantitative
statement concerning the relation of the cesium being
supplied to the seas, ,the amount that is going into the
sediments, and thte amount that is remaining in solution.
However, it appears that the cesium brought to the seas in
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solution is almost entirely removed from the waters,
proibably largely through adsorption by the minerals of the
sediments. A significant portion of the cesium going to
marine deposits may never be in solution, being transported
in the particulate matter of the rivers.
Rubidium-Cesium Ratio
The average value of the rubidium-cesium ratio of
all the modern sediments studied is 31. The average for the
marine samples alone is 36. The value of the ratio for
average igneous rocks computed from the more recent values
for their rubidium and cesium contents is 92. The value
for the ratio computed from the rubidium and cesium values
given by Rankama and Sahama is 46. The rubidium-cesium
abundance ratio for average si-ales given by these same
authors is 25.
Since the relationships of rubidium and cesium
to potassium in the sediments have been discussed, it will
simply be noted here that there is an enrichment of cesium
with respect to rubidium by a factor of two to three.
This relationship is to be expected when consideration is
given to the relationships of the two elements to potassium.
it was seen earlier that the rubidium is not significantly
enriched with respect to potassium and that cesium Is
enriched by a factor of approximately two.
Excluding the samples from San Antonio Bay and the
sample from the Guadalupe River, the average rubidium-cesium
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ratio is less than that given by Rankama and Sabama for
the abundances of the two elements in igneous rocks; the
ratio is even less than that computed from the more recent
values of the abundances ct rubidium and cesium in igneous
rocks.
In accordance with the relations shown by rubidium
and cesium to potassium in the Guadalupe River sample and in
the San Antonio Bay sanples, the rubidium-cesium ratio of
these sediments suggests that their cesium content is higher
in proportion to the rubidium than that found in the marime
sediments. The scant data indicates that the rubidium is
adsorbed onto the minerals in the marine environment in
greater quantity than the cesium; this relationship exists
because a proportionately greater quantity of the cesium is
carried to the marine deposits in the detrital and colloidal
materials. It appears then that the potassium is removed
during the weathering process in relatively greater quantities
than the rubidium, and that the rubidium is removed from
the parent mterials in proportionately greater amounts than
the cesium. In the narine environment the cesium in solution
is preferentially adsorbed in relation to the potassium
and rubidium and thus cesium is enriched in relation to them.
Comparison of Potassium-Rubidium and Potassium-Cesium Ratios
If there is a correlation between the potassium,
rubidium, and cesium contents of the sediments, sors
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regularity should be found when the potassium-rubidium
an potassium-cesium ratios are compared. The diagram on
page 236 shows the relations between the potassium-rubidium
and the potassium-cesium ratios of all the Gulf of Mexico
samples which cortain cesium.
It can be seen that there is a moderate spread
to the points and that a line nay be constructed through
them only with difficulty. This spread of values seems to
indicate a lack of regularity in the cesium, potassium, and
rubidium contents of the sediments. It would seem to suggest
that while there is a general enrichment of cesium with
respect to potassium and rubidium in sedimentary materials,
the relat ion depends to a large extent upon the sediments
and that it is not a lways constant. Much must depend upon
the previous sediment ological history of the sediment. The
diagram also emphasizes the fact that little, if any enrich-
ment of rubid ium with respect to potass ium takes place while
at the same time enrichment of the cesium with respect to
potassium is prevalent in the sediments.
Reasons for Potassium-Rubidium-Cesium Relationship
The statement that the enrichment of cesium with
respect to potassium and rubidium ray be attributed to the
relations shown by the hydrated radii alone must be
questioned when one considers the fact that the percentage
difference, based on the smaller ion, between the hydrated
radii of potassium and rubidium is approxinately equal to the
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percentage difference between the hydrated radii of rubidium
and cesium. It would seem that there should be a pro-
gressive enrichment in each of t be elements in going from
potassium to rub Idium to cesium and that the enrichment of
rubidium with respect to potassium should be of the same
order of magnitude as the enrichment of cesium with respect
to rub idium. However, in the sediments studied and the
ones for which analyses are reported in the literature, there
does not appear to be any enrichment of rubidium with respect
to potassium while there is a very marked enrichment of t he
cesium with respect to the potassium and rubidium.
There mty be several reasons for this apparent
anomalous behavior of these members of the alkali metal
group. One ray be that th-e values of the hydrated radii are
incorrect. Possibly the values for the cesium and rubidium
content of an average igneous rock are wrong. There may have
been a different bias introduced into the analyses for the
cesium, nubidium, and potassium contents of the igneous
rock. The bias may not be the same for the determinations
for igneous rocks and for the determinations for the
sediments.
Factors other than the hydrated radii and the
ionic potential computed on the basis of the hydrated radii
may be important in the separation of the elements. The
fact that the cesium ion is relatively unhydrated may be
important in the separation of the elements. The fact that
the cesium ion is relativel-y unhydrated whereas the potassium
* 9.
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and rubidium ions are hydrated may be important. The
ionic potential of the unhydrated ion may control its
release from the minerals. That the ionic potential is
important in controlling the release of the ions seems to
be suggested by the relations of lithium to sodium. Part
of the concentration may come about during the weathering
cycle with the separation of the more easily hydrated
potassium from the nabidium and the rubidium from the cesium.
That potassium and rubidium both enter the illite structure
in preference to cesium is suggested by the results of the
differential thermal analyses described under the litho-
logic investigations. A preferential adsorption of rubidium
in illite is suggested from these same analyses. This
adsorption may occur in the weathering cycle. The potassium-
cesium ratios of the samples containing large fractions of
illite were higher than those of the samples containing more
detrital material and other clay minerals. This relation
suggests that the cesium may be concentrated in the detrital
minerals.
In considering the problem of the relative
enrichment of the cesium, thought must also be given to the
fact that a large part of the sediments was not derived
from igneous rocks, but from sedimentary rocks. The enrich-
ment may be the result of more than two cycles of weathering
and sedimentation, although a similar enrichment in
rubidium might also be expected.
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Inasmuch as the knowledge of the behavior of
rubidium and cesium in weathering is very limited, if not
non-existent, it does not seem safe to draw any definite
conclusions as to the reason for the enrichment. For the
occurrence of the less abundant alkali metals in marine
sediments to be understood, their behavior in the weathering
cycle needs to be studied.
Lithium Content
Since lithium is not closely associated with the
rest of the alkali metals geochemically, it must be discussed
in terms of absolute abundance rather than in terms of ratios.
The average lithium content of all the modern sediments
investigated is 0.012 percent Li20. This value corresponds
closely with the 'vlue given by Rankama and Sahama for the
lithium content of igreous rocks. Within the bounds of
experimental error there seems to be no essential difference
between the value quoted by Rankama and Sahama for the
average lithium content of shales and the average value
obtained in this investigation. The values of the average
lithium content for each group of samples are, with the
except ion of the one sample from the Guadalupe River,
uniformly distributed about the average. Even the globigerina
oozes contain lithium in amounts which correspond closely
with those found in the average igneous rocks.
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The lithium apparently does not follow the other
alkali metals in the weathering cycle but replaces Mg
and Fe2 ' in the clay mineral structures. Mitchell (cited
in Rarnklama and Sahama, 1949) has found a very definite
enrichment of lithium in some soils. This fact suggests
that the lithium is conentrated in the weathering process
relative to tle other alkalies and that it is transported
to the marine environment in the colloids and the detrital
mterial. From consideration of its hydrated radius and
the electric intensity at the surface of the hydrated ion,
lithium should be removed preferentially from the minerals
in relation to the other alkali metals. However, this relation-
ship is apparently not true; the behavior of lithium in the
weathering and sedimentation cycle is probably controlled
t o a large exte nt by its i onic r ad ius. Having a s m 1ller
ionic radius than the ot her a lkali metals, it my be held
more tightly in the mineral structure than any of them.
Its structural position in the ferro-magnesian minerals may
cause it to be relatively less easily hydrated than the
other a lkal i met als a nd t o re main beh ind whe n t he ot her
elements of the group are removed during weathering.
Goldich (1938) has shown t hat magnesium and iron are
removed less rapidly than sodium anid potassilum in the
weathering of a granite gneiss (see mol-per cent-variation
diagram in Reiche, 1950). In general lithium follows
magnesium in the weathering cycle and is found in the clay
minerals and other minerals providing octahedral coordination
s it e s .
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A correlation between the montmorillonite content
of the sediments and the lithium content is suggested by tbe
results of the t hermal analyses. Those samples which contain
predominantly montmorillonite exhibit a greater content of
lithium than those samples with no montmorillonite content
of t be s ediments ard t he lithium content is suggested by
the results of t1be ther-nal analyses. Those samples which
contain predominantly montmorillonite exhibit a greater
content of lithium than those samples with no montmorillonite.
The relationship is not perfect, but it is suggested by the
data at hand. Since Mg may occur in illite, Li+ may
occur in illite a 1l o.
The results of this investigation fail to support
the statement of Rankama and Sahama (1949, page 428) that
the deep sea sediments possess a greater lithium content
than the near-shore sediments. The comparison of the lithium
content of tbe sediments along the Ship Shoal and thbe Mobile
II traverses indicate no such relationship between tbe
lithium contert of tbe sedimnts and their distance from
shore. Further more, tb sedments from the Mid-Pacific
contain about the same proportion of lithium as the sediments
from nearer shore. The lithium cortent of the sediments is
probably closely related to the provenance of t he sedimentary
materia. 
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General Occurrence in Sediments
As f'ar as is known at the present tine the alkali
metals are closely associated with the clay fraction of tle
sediments. They may be concentrated in the clays by adsorp-
tion through the medium of base exchange and by entrance into
structural positions. The role of the alkali metals during
the actual far mat ion of c lay minerals, whether it be in an
environment of' subaerial weathering or in the marine
environment is inadequately known. There Is much speculation
existent in the literature, but no. definite proof. The
alkali metals are also apprently concentrated by marine
organisms and plants and by authigenic processes. Adsorp-
tion of potassium by mnontmorillonite t o f orm illite has been
suggested as a means of potassium removal from the sea.
However, Grim, et al, (1949), have f'ound montmorillonite
and illite in approximately equal abundance in some recent
sedinents, with no evidence of a change either in depth
below the sea f loor or in distance from shore being present.
They suggest that the conversion to illite may be a
metamorphic rather than a diagenetic process.
The actual relative concentration of the. elenents
is probably dependent upon the extent of the decomposition
of the minerals in the parent rock during weathering, a
greater concentration of cesium relative to potassium and
rubidium occurring when there is extensive chemical weathering.
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SUGGESTIONS FOR FURTFER WORK
Several prcblems have become apparent during the
course of this investigation. One of these is the need for
the detailed study of the clay minerals present in the
sediments. Improved differential thermal techniques as well
as improved X-ray techniques make the identification of the
clay minerals relatively easy. A study of the detrital
material is needed, both chemically and petrographically.
For the chemical study the spectrograph provides a mthod
whereby the small amount of naterial available nay be
analyzed in a relatively short time. The abundance of
calcium and magnesium in the sediments needs to be studied,
particularly in relation to their occurrence in the clay
minerals.
For an understanding of the role of the alkali
metals in sedimentological processes a study of their
behavior in weathering is needed. Not only should their
relative r ates of removal from the parent material be
studied, but their occurrence in the various size fractions
of the weathered material should be considered. Goldich's
work (1938) suggests that sone f the errichment probably
tales place during the course of the weathering of the rocks.
Perhaps the greatest need at tbe present time is
a study of the abundance of lithium, rubidium, and cesium
in sea water. Spectrographic techniques would be most useful
in such a study; in point of fact, they probably are the
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only techniques t1at could provide the answer to tIe
many problems concerning the abundance of the elements in
sea water.
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APPENDIX I
LOCALITY DESCRIPTIONS
EAST GULF
Locat ion
Long. W.
Water Depth
(Fathoms
except as maied)
Depth below
top of
core (cm.)
240 51'
240 45.51
260 01'
260 07'
260 58.5t
850 89'
860 27'
880 03'
890 09'
890 12'
1870
1870
None given
1625
1350
Sample
No.
Core
No. Lat. N.
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
1A
1B
1C
2 A
2 B
2 C
3 A
3 B
3 C
4 A
4 B
4 C
6 A
6 B
6 C
0-2
74-75
150-152
0-3
74-75
150-151
0-3
72-73
150
0-2
72-73
147-149
1-4
72-75
147-150
FAST GULF (continued)
Location
Long. W.
Water Depth
(Fathoms
except asnarke4$
Depth below
top of
core (cm.)
270 51'
280 18'
280 33.51
290 181
280 50'
890 15'
890 20'
890 22'
870 501
870 40.5'
Sample
No.
Core
No. Lat. N.
9
12
15
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
9A
9B
9 C
12 A
12 B
12 C
15 A
15 B
15 C
99 A
99 B
99 C
103 A
103 B
103 C
99
750
400
163
130
997
0-2.5
70-72
145-150
0-3
74-76
147-150
1-4
75-78
149-152
3-8
75-78
146-149
5-7
73-75
150-152
103
EAST GULF (continued)
Location
Long. W.
Water Depth
(Fathoms
except as marked)
Depth below
top of
core (cm.)
280 32'
280 07'
270 29'
260 38.5t
260 04'
240 501
870 25'
870 05'
860 38'
860 16'
850 56.5
850 23'
Sample
No.
Core
No. Lat. N.
105
106
107
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
105 A
105 B
105 C
106 A
106 B
106 C
107 A
107 B
107 C
108 B
108 C
109 A
109 B
109 C
111 A
108
775
1475
1650
1680
1715
1778
109
0-3
75-77
150-152
0-4
71-73
148-150
0-4
76-79
148-152
74-76
148-150
1-3
73-75
149-152
0-4111
FAST GULF (cort Inued)
Water Depth Depth below
Sample Core Location (Fathoms except top of
No. No. Lat. N. Long. W. as marked) core (cm.)
EG 111 B 111 240 50' 850 23' 1778 75-76
EG 111 C 149-152
EG 128 A 128 260 23.5' 840 58' 950 5-7.5
EG 137 A 137 260 06.21 850 22' 1730 0-3
EG 146 A 146 270 30.8' 850 39.9' 1730 0-3
EG 149 A 149 270 51' 850 441 500 0-4
EG 151 A 151 280 01.51 850 22' 200 7.5-10
EG 153 A 153 280 11.51 850 02' 80 6.25-7.5
EG 185 A 185 280 38' 860 07' 320 meters 5-6.25
EG 187 A 187 280 25' 860 131 457 " 7.5-8.75
EG 190 A 190 280 06.5' 860 21' 878 " 7.5-8.75
EG 212 A 212 290 11' 880 52' 34 5-6.25
EG 215 A 215 290 25.51 880 40' 26 6.25-7.5
EG 218 A 218 290 40' 880 28.5' 23 7.5-8.75
EG 221 A 221 290 531 880 17.5' 19 6.25-7.5
EG 225 A 225 300 08t 880 05.5t 11 8.75-10
w1i 0001-
WEST GULF
Location
Long. W.
Water Depth
(Fathoms except
as marked)
Depth below
top of
core (cm.)
250 43.5'
240 13 '
250 07'
250 46'
260 42'
280 371
260 48.1'
270 39.5'
280 29.8'
930 261
920 201
920 351
920 47.5'
920 59'
920 511
920 16.8'
910 57'
900 55.8'
Sample
No.
Core
No. Lat . N.
140
145
147
149
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
ItG
140 A
140 B
140 C
145 B
147 A
147 B
149 A
149 B
153 A
153 B
422 A
480 A
485 A
515 A
515 B
515 C
153
1740
1985
1879
1650
820
20.4
1020
400
22,
422
480
485
515
3-5
72-75
150-152
67-69
15-17
70-71
5-6
75-78
2-4
71-75
0-3
0-3
3-5
10-12
73-75
150-153
WEST GULF (continued)
Locat ion
Long. W.
Water Depth
(Fat homs except
as marked)
Depth below
t op of
core (cm.)
WG 532 A
WG 532 B
WG 532 C
WG 538 A
WG 538 B
WG 542 A
WG 542 B
WG 542 C
WG 545 A
WG 545 B
WG 545 0
WG 549 A
WG 549 B
WG 549 C
532
538
542
545
549
270 44.6'
270 16.5'
260 49.9'
260 09.2'
250 07.2'
900 29'
900 15.9'
900 09.9'
890 42.7'
880 35'
Sample
No .
C ore
No . Lat . N.
150
700
1360
1700
10-11
75-78
147-150
0-3
73-75
0-5
75-78
148-150
0
0~
I
75-e
1885
146-151
0-4
71-75
146-151
WEST GULF (cont inued)
Location
Long. W.
Water Depth
(Fathoms except
as marked)
Dept h below
top of
core (cm.)
WI 950 A
WG 550 B
WG 550 C
WG 551 A
WG 551 B
WG 551 C
550
551
250 01.1'
240 59' 870 47.51
Sample
No.
Core
No. Lat. N.
880 42? 1820 0-3
72-76
147-151
1840
73-76
149-151
VLB SAMPLES
Sample No. Lat. N.
Loc ation
Long. W.
Water Dept h
(ft.)
Depth (from
surface, in.)
VLB 310-9
VLB 31c-10
VLB 310-11
South of Grand Isle, Jefferson
Parish, La.; 4.2 miles south of
Caminada Pass; approx. 3-1/2
miles offshore at Fumble Oil
Refining Co.'s F-1 Platform,
State Lease 799. Approx.:
290 08' 900 02'
VLB 43c-la 290 31' 00" 910 31' 10"
VLB 43c-2a 8-3/4
VLB 43c-2b
VLB 43o-2c
VLB 43c-3b
VLB 43c-4a
VLB 43c-4a
VLB 43c-5a
VLB 43c-5b
290 25' 30"
290 22' 45"
910 31' 39"
910 31' 50"
_______ 
~ -V -
39
13
33
21
143
155
168
8-3/4 23
99
7-1/4
104
20
GULF OF CALIFORNIA, OFFSHORE-CALIFORNIA AND MID-PACIFIC
Sample No.
GC 26
GC 42
GO 44
GO 50
FPS 75
FPS 111
FFS 195
FPS 314
V 120
V 120
V 151-C
MP 3
MP 3
!, 'X
Lat . N.
Location
Long. W.
260 28' 1100 29'
290 05.6' 1120 50.9'
300 18' 1130 13'
310 03? 1130 40'
330 27' 1180 36'
On shelf off N.W. end of Catalina Is.
330 58.5' 1180 49'
At edge of Pt. Dume Canyon
340 11.3' 1190 55.5'
Near middle of Santa Barbara Channel
340 051 1190 14'
In Hueneme submarine canyon
320 40.6' 1170 35.5'
320 30.4'
200 51'
1170 35'
1270 15.7'7
Water Depth
(fathoms except
as marked)
1248 meters
425 meters
123 meters
55 meters
50
240
290
140
602
650
4373
Depth below
surface
49-52"
2-4"
12-16"
30-34"
surface
surface
surface
surface
4-12"
32"
4-12"
21-23"
112-116"
222-225"
WL
GULF OF CALIFORNIA, OFFSHORE-CALIFORNIA AND MID-PACIFIC
(continued)
Sample No. Lat. N.
Location
Long. W.
Water Depth
(fathoms except
as mrked)
Depth below
surface
1330 07'
1510 58'
(Near Hawaii)
N. Hol. 10 400 14'
2670
3075
2480
1550 5.2' 2750
MP 5-3
MP 17-2
MP 17-2
MP 21-1
140 22'
140 38'
2-3"
11-14"
38-3/4-
41-1/
120 cm.
110 cm.
ROCKPORT-OFFS FORE AND SAN ANTONIO BAY
Sample No. Lat . N.
Location
Long. W.
Water Depth
(fathoms except
as marked)
Depth below
surface
Guadalupe River (Highway 35
bridge crossing, Aransas Co.,Tex.
Rockport, Texas (offshore)
surface
27-1/2 cm.
Top
San Antonio Bay
it
10-15 cm.
0-5 cm.
10-15 cm.
20-25 cm.
12-16 cm.
GR 7 PB
J 32-A
J 35-A
J 36-A
S 57-A
S 91-A
S 91-A
s 133-A
II
MISSISSIPPI DELTA
Sample No. Lat. N.
Location
Long. W. Depth below surface
MP 112-51 ABL
MP 115-51 ABL
MP 122-51 ABL
MP 123-51 ABL
MP 123-51 ABL
MP 123-51 ABL
MP 128-51 ABL
MP 128-51 ABL
MP 135-51 ABL
MB 135-51 ABL
MP 137-51 ABL
MP 137-51 ABL
BS 107-51 ABL
BS 107-51 ABL
290 27'
290 24'
290 29'
290 14'
16"
43"
45"
45"
290 20' 25"
890 22'
890 22'
890 09'
890 03'
11"
30"
50"
53"
130 cm.
130 cm.
0
0
40 cm.
130 cm.
890 08' 20"
130 cm.
290 23' 37" 890 14' 05"
130 cm.
290 20' 40"
290 24' 53"
890 14' 05"
890 20' 30"
0
130 cm.
65-71 cm.
100-105 cm.
APPENDIX II
RESULTS OF THE SPECTROCHEMICAL ANALYSES
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EAST GULF SAMPLES
Weight Weight Percent Corrected to 1100 C.Loss on
Sample Ignition
No. % Na20 K2 0 Rb 2 0 Li 2 O CS20
EG 1-B 3.54 4.39 2.88 0.039 0.013 0.00066
EG 1-C 5.05 3.66 2.91 0.039 0.014 0.00094
EG 2-B 4.80 3.58 2.88 0.042 0.012 0.0010
EG 2-C 3.61 2.72 2.86 0.039 0.013 0.00085
EG 3-B 2.71 2.46 2.69 0.042 0.0097 0.0013
EG 3-C 3.14 3.49 2.64 0.038 0.017 0.00097
EG 4-B 3.66 3.72 2.81 0.038 0.011 0.0011
EG 4-C 4.44 4.14 2.54 0.033 0.016 0.00082
EG 6-B 3.62 4.64 4.34 0.049 0.014 0.00054
EG 6-C 1.87 3.56 3.07 0.041 0.018 0.00096
EG 9-A 4.44 3.47 2.92 0.039 0.014 0.00086
EG 9-B 1.73 3.37 2.52 0.032 0.013 0.00056
EG 9-C 2.14 2.50 3.02 0.039 0.015 0.00095
EG 12-A 5.82 2.26 2.02 0.033 0.017 0.00057
EG 12-B 4.07 4.18 2.68 0.037 0.018 0.00077
EG 12-0 4.70 4.03 2.52 0.033 0.014 0.0011
EG 15-A 4.36 3.34 2.50 0.035 0.010 0.00082
EG 15-B 4.40 2.77 2.29 0.030 0.0089 0.0010
EG 15-C 4.63 3.05 2.88 0.033 0.018 0.00047
5.72 3.30 3.43 0.040 0.015EG 99-A 0.*0014
-261-
EAST GULF SAMPLES
(continued)
Weight Weight Percent Corrected to 1100 C.
Loss on
Sample Ignition
No. $' Na20 K2 0 Rb20 L120 Cs2 0
EG 99-B 5.79 3.26 3.42 0.038 0.014 0.0010
EG 99-C 5.04 2.92 2.74 0.030 0.025 0.0010
EG 103-A 6.86 2.94 3.82 0.038 0.015 0.0011
EG 103-B 5.15 3.16 2.54 0.027 0.019 0.00095
EG 103-C 5.04 5.04 2.81 0.032 0.016 0.00071
EG 105-A 5.26 3.72 3.65 0.038 0.013 0.00095
EG 105-B 5.88 4.14 3.80 0.040 0.015 0.0012
EG 105-C 6.03 3.03 3.71 0.045 0.015 0.00094
EG 106-A 5.64 3.79 3.58 0.038 0.011 0.0011
EG 106-B 3.87 4.93 3.44 0.038 0.019 0.00074
EG 106-C 5.13 3.56 3.16 0.038 0.015 0.00089
EG 107-B 3.57 2.84 2.83 0.034 0.010 0.00065
EG 107-C 3.81 3.04 3.34 0.035 0.014 0.00074
EG 108-B 6.25 4.34 3.41 0.038 0.022 0.00065
EG 108-C 7.04 3.48 3.00 0.035 0.018 0.00063
EG 109-B 5.19 3.91 3.51 0.041 0.020 0.00076
EG 109-C 3.14 3.06 3.19 0.034 0.018 0.00047
EG 111-A 4.85 3.59 2.95 0.031 0.013 0.00040
EG 111-B 6.36 3.83 3.80 0.036 0.015 0.00060
EG 111-C 5.61 2.98 3.00 0.035 0.014 0.00042
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EAST GULF SAMPLES
(continued)
Weight
Loss on
Ignit ion
Weight Percent Corrected to 1100 C.
Na20 K20 Rb2 O Li20 0S20
EG 212-A
EG 215-A
EG 218-A
EG 221-A
EG 225-A
5.98
5.16
3.80
3.22
6.86
4.23
3.68
3.46
1.79
2.56
3.05
3.08
2.33
0.49
0.80
0.035
0.038
0.033
0.0097
0*024
0.018
0.016
0.0071
0.016 0.024
Sample
No.
0.00055
0.00063
0.00039
Trace
Trace
r -263 -
WEST GULF SAMPLES
Weight Weight Percent Corrected to 1100 C.
Loss on
Sample Ignition
No. % Na20 K20 Rb2O Li20 Cs20
WG 140-A 5.86 2.99 3.01 0.040 0.015 0.0014
WG 140-B 4.77 3.15 3.73 0.050 0.012 0.0019
WG 140-C 4.80 3.04 3.32 0.038 0.013 0.0013
WG 145-B 1.00 2.67 3.10 0.031 0.011 0.0013
WG 147-A 3.44 2.21 3.05 0.039 0.0081 0.0013
WG 147-B 4.74 1.62 3.34 0.051 0.011 0.0014
WG 149-A 2.73 2.42 3.81 0.043 0.013 0.00092
WG 149-B 2.78 2.14 3.24 0.034 0.0084 0.00050
WG 153-A 3.42 4.00 3.24 0.036 0.016 0.0013
WG 153-B 4.17 3.27 2.98 0.038 0.012 0.0011
WG 422-A 2.45 1.91 1.38 0.020 0.0072 N. D.*
WG 480-A 3.56 3.38 3.32 0.037 0.012 0.0022
WG 485-A 5.78 3.44 3.54 0.035 0.014 0.0016
WG 515-A 12.7 1.78 1.67 0.022 0.015 0.00061
WG 515-B 3.26 2.74 2.30 0.035 0.016 0.00052
WG 515-C 4.47 2.46 2.96 0.053 0.018 0.00089
WG 532-A 3.02 3.25 3.25 0.053 0.016 0.0013
WG 532-B 3.48 3.18 2.88 0.038 0.015 0.00077
WG 532-C 1.67 3.96 2.68 0.037 0.015 0.00083
WG 538-A 4.71 3.38 2.91 0.038 0.0080 0.0010
* Not detectable.
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WEST GULF SAMPLES
(continued)
Weight
Loss on
Ignit ion
3.76
6.56
5.20
7.29
5.14
4093
4.94
4.54
4.92
2.12
3.92
5.51
4.09
Weight Percent Corrected to 1100 C.
Na2 0 K20
4.66
3.55
3064
3.32
3.56
3.07
3.52
3.08
3.04
4.51
2084
3022
3.14
3 .32
1.88
3.33
3.05
2.59
2.28
2.93
1*48
2.65
2.74
2.55
2.68
2.88
Rb 2 0
0.057
0.032
0.040
0.051
0.036
0.041
0.048
0.018
0.035
0.030
0.028
0*036
0.041
L'20
0.015
0.0097
0.015
0.010
0.023
0*013
0.0089
0.011
0.011
0.014
0.012
0.016
0.014
CS20
0.0014
0.00052
0.0013
0.0011
0.0011
0.00063
0.0012
Trace
0.00071
0 .00063
0.00048
0.00080
0.00044
Sample
No.
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
WG
538-B
542-A
542-B
542-C
545-B
545-C
549-A
549-B
549-C
550-B
550-C
551-B
551-0
LGLOBIGERINA OOZES
Weight Weight Percent Corrected to 1100 C.
Loss on
Sample Ignition
No. % Na2 0 K20 Rb20 L20 Cs20
WG 545-A 3.39 3.09 4.45 0.045 0.010 0.0017
WG 550-A 3.05 2.91 1.81 0.020 0.0097 0.00053
WG 551-A 3.99 3.36 3.94 0.042 0.0096 0.0012
EG 1-A 3.23 3.10 2.37 0.025 0.0046 0.00067
EG 2-A 3.45 3.24 2.00 0.027 0.0095 0.00079
EG 3-A 3.78 4.90 3.74 0.040 0.016 0.0012
EG 4-A 4.18 5.28 2.97 0.038 0.026 0.0011
EG 6-A 4.03 4.15 2.74 0.027 0.011 0.00085
EG 107-A 3.64 3.86 2.60 0.028 0.0092 0.00075
EG 109-A 1.88 2.16 0.62 0.0080 0.0057 N. D.
EG 128-A 3.50 3.57 0.82 0.011 0.011 Trace
EG 137-A 3.75 4.42 3.26 0.038 0.020 0.0012
EG 146-A 6.16 3.66 2.54 0.032 0.017 0.00094
EG 149-A 4.84 4.27 1.18 0.017 0.021 Trace
EG 151-A 3.93 2.69 0.63 0.0087 0.0069 N. D.
EG 153-A 7.55 2.22 0.20 0.030 0.0077 N. D.
EG 185-A 5.49 3.87 1.53 0.021 0.016 0.0003
EG 187-A 6.34 4.04 2.06 0.021 0.019 N. D.
EG 190-A 5.45 3.12 0.95 0.014 0.016 Trace
-265-
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MISSISSIPPI DELTA SAMPLFB
Weight
Loss on
Ignit ion
Weight Percent Carrected to
Na20 K20 Rb 2 0 L120
MP 112-51
ABL
130 cm.
MP 115-51
ABL
130 cm.
MP 122-51
ABL
0 cm.
MP 123-51
ABL
0 cm.
MP 123-51
ABL
40 cm.
MP 123-51
ABL
130 cm.
MP 128-51
ABL
0 cm.
MP 128-51
ABL
130 cm.
MP 135-51
ABL
0 cm.
MP 135-51
ABL
130 cm.
3.26
3085
2093
4014
4.85
1.96
3.84
4.59
4.96
1.80 1.48 0.020 0.0097 0.00079
2.23 1.43 0.020 0.013 0.00071
1.78 0.90 0.013 0.0071 0.00047
1.50 0.65 0.0087 0.0059 Trace
1.66 0.78 0.012 0.0079 N. D.
1.20 0.27 0.0040 0.0038 N. D.
1.44 0.47 0.0069 0.0066 Trace
1.69 0.70 0.0092 0.0069 Trace
1.90 1.11 0.017 0.011 0.0063
0.96 0.19 0.0027 0.0030 Trace
Sample
No.
1100 C.
Cs20
1.28
-267-
MISSISSIPPI DELTA SAMPLES
(continued)
Weight
Loss on
Ignition
Weight Percent Corrected to
Na20 K20 Rb 2 0 L 2 0
MP 137-51
ABL
0 cm.
MP 137-51
ABL
130 cm.
BS 107-51
ABL
65-71 cm.
BS 107-51
ABL
100-105 cm.
4.4
3.32
4.70
1.40 0.65 0.0095 0.0061 N. D.
1.63 0.72 0.0097 0.0083 Trace
2.46 1.97 0.023 0.013 0.00088
4.52 1.69 1.38 0.018 0.011
Sample
No.
1100 c.
CS20
0.00073
-268-
VLB SAMPLES
Weight Weight Percent Corrected to 1100 C.
Loss on
Sample Ignition
No. % Na20 K20 Rb20 Li2  CS20
VLB 31c-9 2.25 2.40 1.92 0.031 0.015 0.00048
VLB 31c-10 3.44 2.25 1.74 0.025 0.011 0.00048
VLB 31e-11 1.73 2.16 1.64 0.024 0.010 0.0044
VLB 43c-la 1.66 0.99 1.79 0.021 0.026 0.00060
VLB 43c-2a 1.27 2.08 2.25 0.024 0.012 0.00035
VLB 43c-2b 2.52 1.95 2.37 0.031 0.013 0.00056
VLB 43c-2c 3.91 1.40 1.53 0.023 0.012 0.00085
VLB 43c-3b 1.90 2.26 1.86 0.028 0.0083 0.00044
VLB 43c-4a 6.19 2.40 1.48 0.026 0.010 0.00039
VLB 43c-4c 2.23 2.35 1.79 0.027 0.011 0.00058
VLB 43c-Sa 3.34 1.93 1.89 0.029 0.017 0.00073
2.01 3.01 1.51 0.028 0.012 0.00033VLB 43c-5b
Weight
Loss on
Ignit ion
Weight Percent Corrected to
Na2 0 K20 Rb 2 0 L20
3 57-A
0-5 cm.
S 91-A
10-15 cm.
S 91-A
20-25 cm.
S 133-A
12-16 cm.
GR 7 PB
J 32-A
J 35-A
1.88
2.27
3*94
7.94
3.57
3.88
3.81
1.94 2.19 0.028 0.0047 0.0011
0.85 1.21 0.016 0.0038 0.00087
1.23 2.26 0.026 0.045
0.96 1.95 0.032 0.013
0.0013
0.0013
0.55 0.42 0.0080 0.0044 0.00039
2.23 1.25 0.019 0.0076 N. D.
3.30 1.67 0.038 0.010 0.00077
2.70 2.16 2.00 0.020 0.0092 0.00087
Sample
No.
1100 C.
CS20
-269-
ROCKPORT, TEXAS: SAN ANTONIO BAY AND OFFSHORE 3AMPLES
J 36-A
-270-
GULF OF CALIFORNIA, MID-PACIFIC, AND OFFSHORE
CALIFORNIA SAMPLES
Weight
Loss on
Ignit ion
Weight Percent Corrected to 1100 C.
Na2 0 K20 Rb20 Cs20
GOC 26
GC 42
GC 44
GC 50
MP 3
21-23"
MP 3
112-116"
MP 3
222-225"
MB 5-3
2-3"
MP 17-2
11-14"
MP 17-2
38 1-41-I"
MP 21-1
N. Hol.
10
1001
2.38
4.80
2.26
1091
4.39
3.02
4.20
5.65
3.46
4.06
2.53
4.10 3.86 0.051 0.016 0.0014
1.67 2.02 0.028 0.0068 0.00081
2.68 1.95 0.027 0.0070 0.00066
2.56 2.15 0.033 0.0081 0.00089
3.85 3.46 0.021 0.011 0.00052
5.00 4.80 0.035 0.0077 0.00054
3.68 2.38 0.018 0.013 0.00085
4.25 3.02 0.038 0.017 0.0020
4.76 2.05 0.019 0.0094 0.0011
3.54 2.10 0.025 0.019 0.0011
5.10 2.04 0.035 0.020
4.07 2.24 0.034 0.018
0.0012
0.0012
2.52 1.02 0.0073 0.0028 Trace
Sample
No. L120
FPS 75 2.08
-271-
GULF OF CALIFORNIA, MID-PACIFIC, AND OFFSHORE
CALIFORNIA SAMPLES
(continued)
Weight
Loss on
Ignit ion
Weight Percent Corrected to
Na20 K20 Rb 2 o L120
1100 C.
CS20
FPS 111
FPS 195
FPS 314
V 120
V 120-32"
V 151-C
4-12"
2.33
5*84
2.03
9.30
9.78
4.19 2.79 0.032 0.0090 Trace
4.51 4.11 0.058 0.016
3.42 3.12 0.036 0.013
3.59 2.56 0.042 0.017
4.20 3.29 0.035 0.013
7.56 2.90 2.54 0.035 0.010
Sample
No.
0.0016
0.00049
0*0013
0.0014
0.0012
-272-
COMPOSITE SAMPLES
We ig M
Loss on
Ignit ion
Weight Percent Corrected to 1100 C.
Na20 K20 Rb 2 o Li20 Cs20
Austin
Chalk
Cherokee
Eagle Ford
SIa le
Lower
Eutaw
Miocene
Nodular
Se lma
Chalk
Tuscaloosa
sandstone
2.16
5.54
3.82
3.72
9.45
4.32
6.36 2.45 0.022 0.0065 Trace
1.20 1.59 0.020 0.0095 0.00062
0.58 0.25 0.0028 0.0035 N. D.
1.38 1.69 0.023 0.014 0.00087
1.69 1.13 0.011 0.0053 Trace
1.50 1.75 0.020 0.014
3.47 1.04 1.12 0.017 0.011
0.00089
0.00061
Sample
No.
r -275-2
EAST GULF SAMPLES
Ratio of Oxides
Sample K20 K20 K20 Rb20
No. Na20 Cs20 CS20
EG 1-B 0.65 74 4360 59
EG 1-C 0.80 75 3100 42
EG 2-B 0.80 69 2880 42
EG 2-0 1.1 73 3360 46
EG 3-B 1.1 64 2070 32
EG 3-C 0.76 69 2720 39
EG 4-B 0.76 74 2550 35
EG 4-C 0.62 77 3100 40
EG 6-B 0.94 88 8040 91
EG 6-C 0.86 75 3200 43
EG 9-A 0.84 74 3390 45
EG 9-B 0.75 78 4500 57
EG 9-C 1.2 77 3180 41
EG 12-A 0.89 61 3540 58
EG 12-B 0.64 72 3480 48
EG 12-C 0.62 76 2290 30
EG 15-A 0.75 71 3050 43
EG 15-B 0.83 76 2290 30
EG 15-C 0.95 87 6132 70
EG 99-A 1.0 85 2450 39
-274-
FAST GULF SAMPLES
Ratio of Oxides
(continued)
Sample K20 K20 K20 Rb20
No. NA2 Rb2 0 IS20 0S20
EG 99-B 1.1 90 3420 38
EG 99-C 0.94 91 2740 30
EG 103-A 1.3 100 3470 35
EG 103-B 0.80 94 2670 28
EG 103-0 0.55 87 3960 45
EG 105-A 0.98 96 3840 40
EG 105-B 0.92 95 3160 33
EG 105-C 1.2 82 3950 48
EG 106-A 0.94 94 3250 35
EG 106-B 0.69 90 4650 51
EG 106-C 0.88 83 3550 43
EG 107-B 0.99 83 4360 52
EG 107-C 1.1 95 4520 47
EG 108-B 0.78 89 5250 58
EG 108-C 0.86 85 4760 56
EG 109-B 0.89 85 4625 54
EG 109-C 1.0 93 6790 72
EG 111-A 0.82 95 7370 77
EG 111-B 0.99 106 6320 60
-275-
EAST GULF SAMPLES
Ratio of oxides
(continued)
K20
Na 2 0
K20O
Rib2U
EG 111-0
EG 212-A
EG 215-A
EG 218-A
EG 221-A
EG 225-A
1.0
0.72
0.83
0*67
0.27
85
87
81
70
50
0.31 50
Sample
No.
K20O
CS2j0
Rb 2 0
Cs2 0
7150
5550
4890
6000
83
64
60
85
-276-
WEST GULF SAMPLES
Ratio of Oxides
SapeK20 K20 K20 Rb2PSample
No. Na20 Rb20 Cs2 0 Cs20
WG 140-A 1.0 75 2149 29
WG 140-B 1.1 74 1960 26
WG 140-C 1.0 87 2550 29
WG 145-B 1.1 100 2380 24
WG 147-A 1.3 78 2345 30
WG 147-B 2.0 65 2385 36
WG 149-A 1.5 88 4150 47
WG 149-B 1.5 95 6470 68
WG 153-A 0.80 89 2490 28
WG 153-B 0.91 78 2705 34
WG 422-A 0.72 69 -
WG 480-A 0.98 89 1510 17
WG 485-A 1.0 101 2210 22
WG 515-A 0.93 75 2735 36
WG 515-B 0.84 65 4430 67
WG 515-C 1.2 55 3320 59
WG 532-A 1.0 61 2500 41
WG 532-B 0.90 75 3740 49
-277-
WEST GULF SAMPLES
Ratio of Oxides
(cont inued)
Sample K20 K20 K20 Rb20
No. la20 b'IN
WG 532-C 0.67 72 3230 45
WG 538-A 0.86 76 2910 38
WG 538-B 0.71 58 2370 41
WG 542-A 0.53 58 3620 62
WG 542-B 0.91 83 2560 31
WG 542-C 0.91 59 2770 46
WG 545-B 0.72 72 2355 33
WG 545-C 0.74 55 3620 65
WG 549-A 0.83 61 2440 40
WG 549-B 0.48 82 -e
WG 549-C 0.87 75 3730 49
WG 550-B 0.60 91 4335 48
WG 550-C 0.89 91 5310 58
WG 551-B 0.83 74 3350 45
WG 551-C 0.91 70 6540 93
-278-
GLOBIGERINA OOZES
Ratio of Oxides
Sample K20 K20 K2 0 Rb 2 0
No. INa2O R 2O Cs20
WG 545-A 1.4 99 2610 26
WG 550-A 0.62 90 1865 38
WG 551-A 1.1 93 3280 35
EG 1-A 0.76 94 3540 37
EG 2-A 0.61 74 2530 34
EG 3-A 0.76 93 3120 33
EG 4-A 0.56 78 2700 34
EG 6-A 0.66 101 3220 32
EG 107-A 0.67 93 3460 37
EG 109-A 0.28 77
EG 128-A 2.2 74 -
lEG 137-A 0.73 85 2760 32
EG 146-A 0.69 79 2705 34
EG 149-A 0.27 69 -
EG 151-A 0.23 72 - -
'EG 153-A 0.09 66
EG 185-A 0.39 73 4640 64
lEG 187-A 0.51 98 -
EG 190-A 0.30 67 - -
-279-
MISSISSIPPI DELTA SAMPLES
Ratio of Oxides
K20 K20
Rb 2 O
MP 112-51
ABL
130 cm.
MP 115-51
ABL
130 cm.
MP 122-51
ABL
0 cm.
MP 123-51
ABL
0 cm.
MP 123-51
ABL
40 cm.
MP 123-51
ABL
130 cm.
MB 128-51
ABL
0 cm.
MP 128-51
ABL
130 cm.
MP 135-51
ABL
0 cm.
0*82
0*64
0.50
0*43
0.47
0.22
74
71
69
1875 25
2015
1915 28
74
65
67
0.32
0.41 76
0.53 59
Sample
No.-
K20
CS20
Rb20
0320
-
1610 27
-280-
MIS3ISSIPPI DELiTA SAMPLES
Ratio of Oxides
(cont inued)
SampleK20 K20 K2 0 Rb 2 0
No. Na2  Rb2l Ce2 0 Cs20
MP 135-51
ABL
130 cm. 0.19 70 -
MP 137-51
ABL
0 cm. 0.46 78 -
MP 137-51
ABL
130 cm. 0.44 74 -
B3 107-51
ABL
65-71 cm. 0.80 85 2240 26
BS 107-51
ABL
100-105 cm. 0.81 76 1890 25
-281-
VLB SAMPLES
Ratio of Oxides
Sample K20 K20 K20 Rb2O
No. Na20 Rb20 CS20 Cs2 0
VLB 310-9 0.80 62 4000 65
VLB 31c-10 0.77 69 3620 52
VLB 31C-11 0.76 68 3720 55
VLB 43c-la 1.8 85 2985 35
VLB 43o-2a 1.0 93 6430 69
VLB 43c-2b 1.2 76 4230 55
VLB 43o-2a 1.0 66 1800 27
VLB 43c-3b 0.82 66 4230 64
VLB 43o-4a 0.61 57 3800 66
VLB 43c-4c 0.76 66 3085 47
VLB 43c-5a 0.98 65 2590 40
VLB 43c-5b 0.50 53 4570 85
-282-
ROCKPORT, TEXAS: SAN ANTONIO EY AND OFFSFORE SAMPLES
Ratio of Oxides
Sample K2 0 K20 K20 Rb
No. Na2 ~ Cs 2s
S 57-A
0-5 cm.
S 91-A
10-15 cm.
S 91-A
20-25 cm.
s 133-A
GR 7 PB
J 32-A
J 35-A
1.1
1.4
1.8
2.0
0.7
0.56
0.50
78
75
87
61
52
43
25
18
20
1990
1390
1740
1080
1080
2170
20
49
0.92 100J 36-A
20
2300 23
-233 -
GULF OF CALIFCRNIA, MID-PACIFIC, ANT OFF3FORE
CALIFORNIA SAMPLES
Ratio of Oxides
K20O
Na20
K20O
Rb20
K2 0
CS20
GC 26
GC 42
GO 44
GO 50
MP 3
21-23"
MP 3
112-116"
MP 3
222-225"
MP 5-3
2-3"
MP 17-2
11-14"
MP 17-2
3 8'A--4 11
MP 21-1
N. Hol.
10
0.94
1.2
0.72
0*83
0.90
0096
0064
0.71
0 *43
0.59
0.40
75
72
72
65
160
137
132
79
108
84
58
2755
2495
2960
2410
36
34.
41
37
6660
8890
2800
1510
1860
1910
1700
40
64
21
19
17
22
29
0.55 65
Sample
No.
Rb 2 0
Cs 2 0
1870 28
-284-
GULF OF CALIFORNIA, MID-PACIFIC, AND OFFSHORE
CALIFORNIA SAMPLES
Ratio of Oxides
(continued)
K2 0
Na20
K2 0
Rb 2 O
K2 0
Cs20
FPS 75
FPS 111
FPS 195
FPS 314
V 120
V 120-32"
V 151-C
4-12"
0.40
0*66
0.91
0.91
0.71
0.78
140
87
70
86
61
94
2570
6360
36
92
1970
2350
32
25
0.87 72
Sample
No.
Rb 2 0
Cs 2 0
21159 29
COMPCSITE SAMPLES
Ratio of Oxides
K20O
Rb20
Aust in
Aust in
Chalk
Cher okee
Eagle Ford
Shale
Lower Eutaw
Miocene
Nodular
S eMa
Chalk
Tuscaloosa
sandstone
0.38
1.3
0*43
1.2
0.76
1.1
111
79
90
73
2560 32
1942 26
103
87 1970 22
1.0 65
Sample
No.
K20
Na2 0
K20
CS 20
Rb 2 O
Cs20
-
1840 28
APPENDIX III
DESCRIPTION OF SAMPLES
DESCRIPTION OF SAMPLES
The following details are based upon the
examination of the samples with a binocular microscope,
although in some instances the samples were also examined
with a petrographic microscope using immersion oil
techniques. While a casual examination as was undertaken
in this investigation can do no more than indicate the
general type of material worked with, it is believed that
microscopic examination of some type is necessary for an
understanding of the geochemical relations.
East Gulf
Sample No.
EG 1-A
EG, 1-B
EG 1-C
EG 2-A
EG 2-B
Description
Reddish-buff globigerina ooze; foraminiferal
tests comprise about 50 pexcent of the sample
and clay material the rest. B*
Dark gray clay with lavender tinge. Clay
dominantly with a few subrounded grains;
probably quartz and/or feldspar in finer
fraction. B
Dark gray clay with a few silt-size grains of
quartz. B
Buff-colored globigerIna ooze, 70-80 percent
foraminiferal tests. B
Dark gray clay with approximately 10 percent
foraminiferal tests. B
* B denotes that the sample was examined with the binocular
microscope. P denotes that the sample was examined with the
petrographic microscope.
Sample No. Description
EG 2-C Dark gray, lavender tinged clay with some
quartz grains approaching silt size. B
EG 3-A Buff-colored globigerina ooze with about 50
percent foraminiferal tests. B
EG 3-B Gray, lavender tinged clay with some quartz
in the large size ranges. B
EG 3-C Dark gray clay with a few subrounded quartz
grains. B
EG 4-A Light gray globigerina ooze composed of about
50 percent foraminiferal tests and 50 percent
clay material. B
EG 4-B Gray clay; material all submicroscopic in size.
B
EG 4-0 Dark gray clay with some quartz and/or feldspar.
B
EG 6-A Globigerina ooze, dark buff in color; about
70 percent foraminiferal tests. B
EG 6-B Red clay, apparently all clay mineral. B
EG 6-C Gray with reddish tinge; all clay mineral
apparently, although some quartz and/or feld-
spar may be present. B
EG 9-A Gray clay, composed mostly of clay mineral
with some feldspar and (?) quartz. B
EG 9-B Gray quartz silt composed of angular quartz
grains and clay minerals. Approximately 50
percent clay mineral. B
EG 9-C Gray clay with some quartz grains in the fine
silt-size range. B
EG 12-A Gray clay with a few angular silt-size grains
of quartz. Plagioclase feldspar, some carbonate
minerals, though in very small quantity. B, P
EG 12-B Gray clay with a few angular silt-size grains
of quartz. B
Light gray clay. BEG 12-'C'
-28 8-
Sample No.
EG 15-A
EG 15-B
EG 15-C
EG 99-A
EG 99-B
EG 99-C
EG 103-A
EG 103-B
EG 103-C
EG 105-A
EG 105-B
EG 105-C
EG 106-A
Descript ion
Dark gray clay with a small percentage of fine
silt-size grains of feldspar of albite-cligoclase
composition; some quartz grains also. B, P
Dark gray clay with a few quartz grains up to
0.01 mm. in diameter. Moderate percentage
of foraminiferal tests. B
Dark gray with some quartz grains of approximately
0.01 mm. diameter. B
Dark gray clay with rare quartz grains.
Approximately 50 percent is clay mineral and
the other 50 percent is plagioclase o' inter-
mediate composition. B, P
Greenish gray clay with a moderate amount of
framiniferal tests. Rare quartz grains. B
Greenish gray clay with a moderate percentage
of foraminiferal tests. B
Dark gray clay with a moderate content of
foraminiferal tests. B
Very light gray clay with moderate content of
feldspar and/or quartz. B
Dark gray clay containing clear, rounded to
angular quartz grains. Biotite and muscovite
flakes are also discernible. B
Light gray clay to very fine silt. Largely
clay mineral, but there are also present
significant quantities of quartz. B
Light gray clay with a few very fine quartz
grains; dominantly clay mineral. B
Gray clay.
Dark gray c lay with a moderate percent of
foraminif eral tests-40 to 50 percent. A few
silt-size grains of angular quartz. Sample
appears to h-ave "blobs" of reworked clay
material in it. B
Dark grayish buff clay. BEG 106-B
-289-
Sample No.
EG 106-C
EG 107-A
EG 107-B
EG 107-C
EG 108-B
EG 108-C
EG 109-A
EG 109-B
EG 109-C
EG 111-A
EG 111-B
EG 111-0
EG 128-A
EG 137-A
Description
Gray clay.
Buff globigerina ooze; 90 percent foraminiferal
tests. B
Light grayish buf f clay with a few foraminiferal
tests and quartz and/or feldspar grains. B
Dark gray clay with a few silt-size quartz
grains. B
Dark gray clay.
Dark gray clay.
Buff with reddis h tinge; globigerina ooze
90 per cent foraminiferal tests. B
Reddish gray clay; some suggestive of quartz,
but grains t oo fine for positive identification.
B
Gray c3ay; may be some very fine quartz and/or
feldspar grains present, bit material is too
f ine f or pos it ive ident if icati on. B
Red clay cortaining foraminiferal tests and
rounded quartz grains up to 0.06 mm. in
diameter. The foraminiferal tests comprise
about 15 percent of the sample and the quartz
grains approximately 10 percent. B
Red clay containing a few r ounded, frosted quartz
grains up to 0.08 mm. in diameter. Plagioclase
of intermediate composition is present in all
size fractions; however, over -70 percent
appears to be clay mineral. B, P
Reddish medium gray with clay minerals compris-
ing over 50 percent of the whole sample. 3ome
rounded, frosted quartz grains of the rder
of 0.08 mm. diameter are present. B, P
Buff globigerina ooze, 80 percent foraminiferal
tests. B
Dark gray globigerina ooze composed of about
40 percent clay material. B
-290-
Sample No.
EG 146-A
EG 149-A
EG 151-A
EG 153-A
EG 185-A
EG 187-A
EG 190-A
EG 212-A
EG 215-A
EG 218-A
EG 221-A
EG 225-A
Description
Gray clay with as much as 20 percent foraminiferal
tests. B
Whitish buff globigerina ooze composed approximately
of 70 percent foraminiferal tests anr 30 percent
of fine calcareous matter arnd clay. B
Gray globigerina ooze, composed of 90 percent
foraminiferal tests. B
Gray globigerina ooze composed of 90 percent
foraminiferal tests. B
Gray globigerina ooze composed of 80 percent
foraminif eral tests. B
Gray globigerina ooze composed of 70 percert
faraminiferal tests and other calcareous matter.
B
Gray globigerina ooze composed of 90 percent
foraminiferal tests and other calcareous matter.
B
Greenish gray clay with a moderate content of
acidic plagioclase. Some quartz. B, P
Greenish gray quartz silt with a high percent age
of chay minerals. B
Greenish gray clay with very high foraminiferal
content; might better be classified as a
foraminiferal ooze. B
Quartz silt to very fine quartz sand. Occasional
rock fragments. B
Quartz silt to very fine quartz sand. Small
amount of clay mineral. B'
-291-
West Gulf
Sample No.
WG 140-A
WG 140-B
WG 140-C
WG 145-B
WG 147-A
WG 147-B
WG 149-A
WG 149-B
WG 153-A
WG 153-B
WG 422-A
Description
Gray clay; consists mostly of clay minerals.
Plagioclase present but material too f ine
to differentlate. B, P
Similar to 140-A.
Similar to 140-A.
Extremely fine light gray clay; largely clay
mineral and some carbonate grains. B, P
Dominantly clay material of light gray colar;
some feldspar grains of acid to intermediate
composition. Quartz is present. B, P
All clay material of gray color with slight
reddish tinge. B
Gray clay composed in large part of detrital
feldspar grains estimated to be of intermediate
plagioclase composition. Some quartz also
appears to be present. B, P
Gray clay to silt; silt-size grains appear
to be largely quartz. Weathered biotite and
muscovite are a so present. B
Clay minerals appear to comprise well over 50
per cert of t his material with feld spar and qu artz
comprising most of the rest. Very light gray
to whitish color. B, P
Gray clay material chiefly with a few ferro-
magnesian grains. The non-clay fraction is
probably quartz and feldspar. B, P
Medium gray silt ; the larger grains are dominantly
quartz. Quartz is rounded to subrounded in tie
coarse silt range. Some of the larger qartz
grains are frosted. Clay minerals seem to
comprise about 10 percent of the sample, and
there is present about the same quantity of
feldspar of intermediate composition. B, P
-292-
Sample No.
WG 480-A
WG 485-A
WG 515-A
WG 515-B
WG 515-C
WG 532-A
WG 532-B
WG 532-C
WG 538-A
WG 538-B
WG 542-A
Description
Light gray to buff clay; the clay mineral
appears to comprise 50 percent of the nateria1;
feldspar comprises about 40 percent. Some
carbonate grains are present. B, P
Coarse brownish gray clay; feldspar grains
are present in moderate amount. Largely clay
minera 1. B, P
Dark gray clay comprised mostly of quartz ard
feldspar grains. Some of the quartz grains are
as large as 0.1 mm. Clay mineral forms only
about 10-20 percent of t he whole sample .
Feldspar of the composition of albite and/or
orthoclase nakes up about 75-80 per-cent of the
sediment. B, P
Dark gray clay containing no coarse grains.
B, P
Dark gray clay.
Medium gray clay; qtartz grains of 0.1 mm. size
comprise 5-10 percent. The clay minerals
comprise about 50 percent of the whole sample;
fe3dspar grains are present Ss intermediate
plagioclase ard make up around 40 percent af
the total sample*. B, P
Largely clay material; gray in color; small
amourt af quartz. B
Gray clay.
Light gray clay. Clay minerals make up 60
percent of the material; some carbonate ard
approxinately 30 percent plagioclase of
intermediate composition. B, P
Gray clay with clay mineral comprising more
than 50 percert of the sample; some feldspar
is also present, but the grains are too fine
to peimit identification. B, P
Gray clay composed dominantly of intermediate
plagioclase feldspar. Clay mineral comprises
about 30 percent of the sample. B, P
-293-
Sample No.
WG 542-B
WG 542-C
WG 545-A
WG 545-B
WG 545-C
WG 549-A
WG 549-B
WG 549-C
WG 550-A
WG 550-B
WG 550-C
WG 551-A
WG 551-B
WG 551-C
Description
Gray clay composed almost entirely of clay
minerals. A few feldspar grains may be
distinguished, and carbonate minerals are
present in a significant quantity. B, P
Almost pure clay mineral; may be a little
carbonate mineral. B, P
Buff colored foraminiferal ooze, foraminiferal
tests comprising approximately 50 percent
of sample. B
Dark gray clay with approximately 20 percent
foraminiferal tests. B
Dark gray clay. The specimen as taken from
the core shows many fine laminations. B
Buff colored clay; up to 10 percent foraminiferal
tests . Some carbonate grains and other non-
clay material. B, P
Whitish clay with moderate percent of carbonate.
B, P
Whitish to grayish silt with a moderate
percentage of quartz and/or feldspar grains. B
Buff globigerina ooze with the tests being held
together by clay mterial; 70 percent foraminiferal
tests. B
Gray, silty clay with moderate amounts of quartz
and/or feldspar. B
Gray clay containing some quartz grains up to
0.03 mm. in diameter. B
Buff colored globigerina ooze, foraminiferal
tests compose about 50 percent af the material. B
Gray clay with quartz and/or feldspar grains. B
Gray silty clay with quartz ard some amphibole
or pyroxene. Clay material probably in excess
of 50 percent. B
-294-
Mississippi Delta Samplesi
Sample No.
MP 112-51
ABL
130 cm.
MP 115-51
ABL
130 cm.
MP 122-51
ABL
0 cm.
MP 123-51
ABL
0 cm.
MP 123-51
ABL
40 cm.
MP 123 -5 1
ABL
130 cm.
MP 128-51
ABL
0 cm.
MP 128-51
ABL
130 cm.
MP 135-51
ABL
0 cm. -
MP 135-51
ABL
130 cm.
Description
Gray clay.
Dark gray clay.
Dark gray clay; 20 percent clay minerals; detrital
quartz and feldspar; some ferro-magnesian
minerals. P
Dark gray clay.
Dark gray clay.
Dark buff clay.
Gray clay.
Gray clay.
Dark gray clay with clay minerals comprising
about 30 to 40 percert of the sample. Albite,
biotite, amphibole or pyroxene oomprise the
rest of the sample in addition to (?) quartz.
The feldspar and (?) quartz comprise the
greater part of the detrital naterial. P
Gray clay.
of these were examined microscopically.1 only two
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Sample No.
MP 137-51
ABL
0 cm.
MP 137-51
ABL
130 cm.
BS 107-51
ABL
65-71 cm.
BS 107-51
ABL
100-105 cm.
Description
Gray clay.
Gray c3ay.
Gray clay.
Dark gray clay.
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Mid-Pac if ic Samples
Sample No.
MP 3 21-23"
MP 3
112-116"
MP 3
222-225"
MP 5-3
2-3"
MP 17-2
11-14"
MP 17-2
381/4-41)"
MP 21-1
Nort h
Holiday
No. 10
Description
Reddish dark buff clay.
Reddish clay; some granular naterial Is
present but Is too fine to identify.
Contains a largq percentage of a zeolite
(Phillipsite ?). B, P
Dark buff with reddish tinge colored clay.
Buff colored clay with a smal1 amount of
biotite. B
Buff colored clay.
Dark gray clay.
Buff colored clay with some feldspar grains;
c3ay minerals comprise about one-third
of t be s ample. B, P
Buff olored clay with a reddish tinge.
1 Letter from M. N. Bramlette, date March 31, 195a.
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Offshore California Samples
Sample No.
FPS 75
FPS 314
FPS 111
FPS 195
V 120 top
V 120 321"
V 151-C
4-12"
Descript ion
Greenish silty clay. Some 0,.1-0.05 mm.
subrounded quartz grains. Among the minerals
present in the sample are biotite, glaucophane ,
carbonate, glauconite, feldspar of inter-
mediate plagioclase composition, opaques,
zircon. The clay mineral content is low.
B, P
Fine silt or coarse clay; dark buff in color.
Among minerals present are quprtz, plagioclase
of intermediate composition, biotite,
glauconite, opaques, zircon. Some of the
larger quartz grains are subrounded. B, P
Dark green silt containing subrounded quartz
grains; ferro-ngnesian minerals are also
present as is some f eldspar. B
Green clay with some weathered biotite.
Ferro-magnesian minerals could be discerned
as could quartz and/or feldspar. B
Dark greenish gray fine silt. Light colored
platy mineral (muscovite?) is present as are
quartz and/or feldspar, biotite and (?) ferro-
magne sian minerals. B
Green c lay.
Dark gray clay; weathbered biotite is definitely
present; may be some quartz and/or feldspar
present. B
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Gulf of California Samples
Sample No.
GC 26
49-52"
GC 42
2-4"
GC 44
12-16"
GO 50
30*3t"
Description
Green clay; median diameter 1.83 microns. 1  B
Buff silty clay; some grains of quartz up to
0.05 mm. diameter; some grains of ferro-
nagnesian minerals up to this size also. Both
quartz and feldspar are present, the feldspar
approximating andesine in composition.
Glauconite (?) was found to be present. The
clay mineral is present in amounts of less
t in 20 percent. Median diameter 7.0
microns . B, P
Light green clayey silt; median diameter 22.0
microns. B
Green clayey silt containing rounded to sub-
rounded quartz grains of 0.05 to 0.2 mm.
diameter. Moderate amount of clay minera 1
appears to be present. Median dianeter
32.0 microns. B
1 The median diameters far the Gulf of California samples
were given the author by M. N. Bramlette in a letter
dated March 31, 1952.
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Rockport Samples
Sample No.
S 57-A
S 91-A
10""15 cm.
S 91-A
20-25 cm.
S 133-A
12-16 em.
J 32-A
J 35-A
J 36-A
GR 7 PB
Des cri pt ion
Gray claywith a few 0.2 mm. grains of
ferro-magnesian minerals cr rock fragments. B
Gray clay, with some 0.2 mm. rock fragments.
Appears to have a moderate amount of quartz,
with some of the quartz grains attaining a
size of 0.05 mm. B
Gray clay.
Dark gray clay; a few angular to subrounded
rock fragments of 0.2 mm. diameter. Seems
to have only a relatively small amount of
clay mineral. B
Gray clayey silt.
Reddish buff clay; some weathered biotite and
a few ferro-magnesian minerals. Probably
a large proportion is feldspar of intermediate
plagioclase composition. Clay mineral is less
than 20 percert . Some carbonate grains. B, P
Gray silt with reddish tinge. Quartz is present.
B
Gray clay with a moderate carbonate content.
Quartz is present as is plagioclase
approximating andesine in composition. B, P
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VLB samples
Sample No.
VLB 31c-9
VLB 31c-10
VLB 310-11
VLB 43c-la
VLB 43c-2a
VLB 43c-2b
VLB 43c-2c
VLB 43c-3b
VLB 43c-4a
VLB 43c-4c
VLB 43c-5a
VLB 43c-5b
Description
Gray quartz silt* B
Gray silty clay; predominantly quartz. B
Gray silty clay; predominantly quartz. B
Gray silty clay; predominantly quartz,
although a few grains of weathered biotite
are present. B
Gray silty clay; predominantly quartz. B
Gray silty clay; predominantly quartz. B
Gray clay with a large quartz fraction. B
Gray clay with a large quartz content. B
Gray clay with a moderate quartz content;
some weathered biotite. B
Gray clay; "concretions" of the c lay material
have formed which are apparently cemented by
tbe organic matter in the sediment. B
Gray clay; quartz and feldspar; clay mineral
forms about 25-50 percent. B, P
Gray quartz silt; the larger grains are
rounded to subrounded. There appears to be
some weathered biotite present.
-U
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